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modernize your G-E 


breakers by adding oil-blast 


REAKER modernization pays for itself in 
savings—savings that are difficult to figure 
but very real nevertheless. The addition of oil- 
blast pays in greater security—assurance that, 
even with more and more generating capacity 
being utilized, your old breakers will provide 


adequate protection. 


So, be on the safe side; be assured of low-cost 
system operation by modernizing your old 
G-E breakers. Their arcing time will then be 


greatly reduced, resulting in: 


Less damage to apparatus and cables, because the 
fault current is of short duration 


Improved system stability, because rapid clearing of 
faults is one of the important factors in maintain- 
ing load 


Better service, because speedy interruption of fault 
current permits immediate restoration of power 


Moreover, oil-blast decreases maintenance be- 
cause with it you have less burning of contacts 
and less carbonizing of oil. Let us peint out 
just what advantages you will get by modern- 
izing your breakers. General Electric, Sche- 
nectady, N. Y. 
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In This lssue— 


IGHTNING protection of electric power 
transmission and distribution systems 
constitutes the principal subject matter of 
5 papers in this issue. Two of these papers 
have been prepared by subcommittees of the 
A.I.E.E. committee on power transmission 
and distribution: One presents a survey of 
methods now in use to reduce the effects of 
lightning on medium and high voltage 
lines (pages 12-18); the other discusses 
available methods of protecting trans- 
formers against both traveling waves and 
direct strokes (pages 58-6). A third paper 
reports operating resulis obtained by 38 
companies with the newer methods of pro- 
tecting distribution transformers, and is 
based upon a survey conducted by the Edi- 
son Electric Institute (pages 47-53). A 
fourth paper presents the results obtained 
with the interconnection method of protect- 
ing distribution transformers and equipment 
in a typical large urban system (pages 63- 
70). The remaining paper of the group 
presents a brief review of the history of 
lightning arresters and a discussion of fac- 
tors affecting the economic application of 
atresters to electric power systems (pages 
84-93). 


REvOTE metering and remote indication 
schemes, combined with schemes for 
remote control, such as supervisory control 
or automatic load control, are being applied 
for an increasingly large variety of purposes. 
In one installation, remote metering and 
automatic control of load on a distant hydro- 
electric plant have greatly improved power 
system operation; a feature of this scheme 
is that constant beat frequency is main- 
tained in the receiving apparatus, the trans- 
mission frequency being varied (pages 40-7). 
Also, a typical municipal waterworks sys- 
tem had supervisory control applied to it 
in conjunction with electric pump drive, 
resulting in greatly improved operation, and 
in a reduction in operating costs (pages 36- 
40). On the electrified section of a large 
railroad, several types of supervisory con- 
trol and remote metering have been in- 
stalled, and have been of considerable assist- 
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ance in load dispatching and substation 
operation (pages 70-05). 


COMPENSATED thermocouple am- 

meter was developed a number of years 
ago as the result of an investigation of the 
thermal relations in instrument shunts and 
in conductors. The temperature distribu- 
tion and heat flow were subjected to a 
mathematical analysis, and from this the 
theory of the electrothermic ammeter of 
the thermocouple type has been developed 
(pages 23-33). 


ADIO TELEPHONE communication at 

ultra-high frequencies has been shown 
by tests to provide a highly satisfactory 
means of signaling between the locomotive 
cab and the caboose of a freight train. 
Frequencies of 30 to 40 megacycles were 
found to be quite satisfactory for this sery- 
ice. Transmitter power of 15 to 25 watts 
is believed to be sufficient for trains 200 
cars or less in length (pages 109-13). 


INAL announcements for the 1936A.I.E.E. 

winter convention to be held January 
28-31, have been made. Supplementing 
the technical program for this convention, 
as announced in ELmCTRICAL ENGINEER- 
ING for December 1935, pages 1408-09, 
social and entertainment features, medal 
presentation, inspection trips, and final 
changes in the technical program are re- 
ported herein (pages 114-16). 


Hic2 speed relays, now available for the 
protection of power transmission lines, 
have revolutionized the art of line protec- 
tion. Such relays, operating in one cycle 
or less, especially when used with high speed 
circuit breakers, have many advantages. 
Existing relay systems frequently may be 
modernized by the addition of the new relays 
to the present relay schemes (pages 56-62). 


power distribution systems, like other 

forms of engineering apparatus, have 
been considerably improved in recent years. 
Economy, better service, greater safety, 
and better appearance are among the results 
of the many improvements in system design 


and in details of equipment and construc- 
tion which have been produced (pages 75- 
84). 


UTOMATIC control for steel-tank mer- 
cury-are rectifiers has been developed 

to a high state of perfection. A review has 
been made of present day practice in auto- 
matic control, which includes the various 
unit auxiliaries as well as the equipment 
used primarily for switching (pages 100-09). 


iP THE passing of Dr. E. W. Rice, Jr., the 
Institute loses another of its list of out- 
standing men, famous as pioneers in the 
now great electrical industry. Doctor 
Rice, a past-president of the Institute, was 
among its most highly respected, and most 
loved members (pages 118 and 125). 


oie ciebocemine characteristics of sliding 
contacts between carbon or graphite 
brushes and copper slip rings are shown by 
experiment to be dependent upon the oxide 
film that forms on the surface of the rings 
(pages 94-100). 


HAT is electricity? Man has at- 

tempted to answer this question ever 
since the earliest discovery of electrical 
phenomena. A historical résumé of these 
attempts is presented in this issue (pages 
4-00): 


pe RNeEN T magnet materials have 
been developed recently with character- 
istics radically different from those of older 
materials, making available high specific 
magnetic performance in the low cost field 
(pages 19-23), 


Go of the 50th anniversary 
of the first commercial a-c system in 
America is to be made on March 20, 1936. 
Plans for a nationwide celebration are 
being made by the recently appointed com- 
mittee (pages 119). 


Aw transformers for high power radio- 
broadcast stations are fundamentally 
similar to 60 cycle power transformers, but 
differ in some important respects (pages 
34-6). 
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Looking Forward 


—A Message From the President 


HIS issue of ELECTRICAL ENGINEERING ushers 

in a New Year for the electrical industry. 

While this is a fitting occasion to extend good 
wishes and to make good resolutions, it seems to 
me that it is a time, also, when we should pause 
for a moment to take our bearings. 

For many, the depression, which is still with us, 
has been a time of acute mental and financial 
stress; but as concerns the engineering profession 
as a body, the benefits appear to outweigh the evils 
by a wide margin. Under the spur of necessity, 
which, after all, is the only force which drives man 
to do an outstanding job, the engineering profes- 
sion has been doing highly effective work. 

At whatever branch of the profession you may 
look you will find the same general picture. 
While the economic machine has been stalled the 
engineers have carried on research to find more 
efficient ways to utilize the materials and the 
forces with which they work, and there is no doubt 
that this activity will yield an enormous return. 
The scientific mind cannot be stopped in its search 
for truth. In spite of unfavorable economic con- 
ditions and reduced appropriations, it will con- 
tinue its groping toward the light. 

We cannot, of course, hope for a return of the 
so-called prosperity of 1929 nor should we wish it. 
That prosperity was built upon the wrecks of the 
Great War and it is my hope that we shall never 
see its like again. Most of us will be happy to 
achieve the sound prosperity which comes from 
earning only a fair return on our capability and 
effort. 

Having accepted that philosophy we can take a 
fresh grip on our problems and resolve in this new 
year to push forward in the work of their solution. 

The leaders in the engineering field are making 
ready for effective action in the coming year. 
They have taken inventory, analyzed causes, and 
know what has to be done. They are really the 
doers, the creators, the men who turn the wheels 
of industry. They know from hard experience 
the wide difference between theory and practice. 
They know that technical progress demands in- 
finite patience in adjusting differences between 
paper plans and workable realities. Furthermore, 
they are aware that social progress is always a 
compromise between technical perfection and 
human nature. 

It is not that the men of the engineering pro- 
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fession are lacking in ideals or principles. On the 
contrary, their standards are as high as, or higher 
than, those in any other walk of life. But neces- 
sity has schooled them to deal with life and with 
human nature as they are, to distrust inexperience 
and to center their attention on what is practicable. 

What they have accomplished during the past 
5 years is an effective demonstration of untiring 
perseverance in the face of great discouragement. 

The engineering profession, strengthened by 
unification through its national societies, has 
played and will continue to play an important 
part in the industrial, governmental, and com- 
mercial affairs of the nation. Scientific achieve- 
ment persists at an accelerated pace, and as each 
improvement is accomplished it is fitted into the 
already complex pattern of our existence. 

The members of these societies through exchange 
of information and experience, and co-ordination 
of effort are placed in a position to accept the 
responsibilities of leadership. That leadership 
must be exercised with the utmost fairness and 
honesty, and in the common interest. It must 
take cognizance of the problems of the day while 
at the same time looking ahead toward the formu- 
lation of sound long term policies. 

The degree of success achieved by the individual 
engineer during the coming year will depend 
entirely upon his own initiative. The ingenuity 
and scientific skill employed to effect successful 
conclusions will be a tribute to his competitive 
spirit. His application of energy and judgment 
will determine the extent of his contribution 
toward progress in his particular field of endeavor. 

We can find inspiration in looking back over 
the past years and in tracing the remarkable 
progress of the electrical industry. The colorful 
sequence of technological discoveries and develop- 
ments since the early days in the electrical field 
stimulates the imagination, arouses enthusiasm, 
and revives the spirit, vision, and courage of its 
pioneers. 

May you be inspired by those wonderful 
accomplishments to strive for still greater progress 
in the future. And, in thus striving, may your 
coming year be most happy and prosperous. 


E Co c<ecgcee— 


“\/hat Is Electricity?” 


TRUST that no one is 

so optimistic as to sup- 

pose that because I have 
asked this question (“What 
is electricity?!) I am go- 
ing to answer it, nor so 
pessimistic as to fear that 
because I have asked a 
question which I cannot 
answer I can offer nothing 
but platitudes. I believe 
it possible in this case to 
avoid both Scylla and Cha- 
rybdis. 

“This question,” said the 
late Professor John Trow- 
bridge,? of Harvard University, “is often asked as 
though it were capable of a short and lucid answer 
which might be understood by any person of liberal 
education. Many answers have been given, but it is 
interesting to note that the more definite and confi- 
dent the answer the older it is, and that as we ascend 
the ladder of time toward the present day such answers 
as we encounter are less definite and more cautious.” 

I think that it will be interesting for us to review, 
perhaps rather briefly, the ideas which have been 
held at various times as to the nature of electricity, 
and then, looking over the wealth of physical dis- 
covery which has been amassed in the past 40 years, 
to endeavor to select from it such facts as may be of 
importance in guiding and controlling future specu- 
lation on this question; for though such speculation 
has been at a minimum, if not a standstill, during 
the twentieth century, it will doubtless revive again. 
Speculation or as it has been otherwise termed, ‘‘apt 
conjecture, followed by careful verification,’ has been 
behind much of the advance of science. Such was 
the method of Faraday and of Darwin. The con- 
jectures of the ancients, having little in the way of 
observed fact to guide them, might range far and 
wide, and had small heuristic value, but with the 
growth of experiment the range of conjecture has 
continually narrowed and its value as an aid to 
farther progress has steadily increased. 

The beginning of our knowledge of electricity is 
lost in the mists of antiquity. What we can recover 
of it is excellently told by Park Benjamin in his history 
entitled, ‘The Intellectual Rise in Electricity.”? It 
is customary to credit Thales (600 B.C.) with the 
first observation of the attractive power of rubbed 
amber, but Benjamin shows that amber was widely 
known among the ancients for centuries before 
Thales. Beads of amber have been found in the 
1. The fifth Joseph Henry Lecture, delivered March 30, 1935, before the Philo- 
sophical Society of Washington (D. C.) in honor ofits first president. Published: 
Journal, Washington Academy of Sciences, v. 25, 1935, p. 201; The Scientific 
Monthly, July 1935, p. 38. Republished in ELECTRICAL ENGINEERING with the 


approval of the National Bureau of Standards of the United States Department 
of Commerce, and of the author and other interested parties. 


2. Trowbridge, ‘‘What Is Electricity?” 
ner and Co., 1897. 


London: Kegan Paul, Trench, Trub- 


8. London, Longmans, Green and Company, 1895. 
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By PAUL R. HEYL, Fellow Am. Phys. Soc. 


National Bureau of Standards, Washington, D. C. 


This address,’ tracing the interesting his- 
tory and significance of the many concepts 
of electricity as they have evolved from 
an indefinite beginning through the ex- 
tremely rapid developments of the current 
century toward a speculative future, is 
republished here at the request of the Insti- 
tute’s committee on education. 


ancient lake dwellings of 
Europe in the royal tombs at 
Mycenae (2000 B.C.) and 
throughout northern Italy. 
The identity in chemical 
composition of these relics 
with the amber of the Baltic 
seacoast is significant of the 
esteem in which this sub- 
stance was held and of the 
distance over which it was 
thought worth while to 
bring it. The golden glow 
of the polished beads sug- 
gested the beaming sun, 
called by Homer jréxrwp, 
which doubtless gave rise to the Greek name for 
amber, 7Aextpor. 

It is incredible, as Benjamin points out, that this 
widespread acquaintance of the ancients with amber 
should have existed so long without its electrical 
property being often noticed. It is probable that 
Thales but shared the knowledge of his time in 
this respect, for his acquaintance with the things of 
nature in general was such as to enable him to make 
the first recorded prediction of an eclipse of the sun. 
Thales left no writings of his own, and all we know 
of him we have learned from those who lived several 
centuries later. 

It appears from these authorities that the ancients 
regarded electricity as a soul or spirit resident in an 
otherwise lifeless substance. This was in harmony 
with the prevailing thought of the times, which re- 
garded all motion as evidence of life. The air was 
inanimate, but the wind was the breath of Aeolus; 
the waves of the sea were excited by the wrathful 
strokes of Neptune’s trident; the lightning was the 
thunderbolt of Zeus. This animistic explanation of 
the nature of electricity was simple and definite 
enough to be understood by anyone, and lasted for 
several millenniums; in fact, until the revival of 
learning and the growth of experimental science sup- 
plied material upon which to base a rival theory. 

We are helped to realize this animistic point of 
view when we read in a translator’s footnote to Gil- 
bert’s book on “The Magnet’’‘ that a certain ancient 
physician recommended the administration of doses 
of powdered lodestone in cases of estrangement be- 
tween husbands and wives. Given the premises of 
the time, such a conclusion was perfectly logical. It 
was obvious that the patients exhibited a deficiency 
of a certain spiritual element which was found in the 
lodestone, and the adminstration of that medicine 
followed as naturally as a modern prescription of 
cod liver oil because of its vitamin content. 

It was the middle of the sixteenth century before 
the next answer on record was given to the question, 
“What is electricity?’ This answer came from 


4. Translation by P. Fleury Mottelay,N. Y., John Wiley and Sons, 1893, page 56. 
5. Cardan, De Subtilitate, Lib. XXI, Paris, 1551. 
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Cardan,’ whose name is familiar to mathematicians 
(perhaps more so than it deserves to be). Cardan 
was the originator of the fluid theory of electricity 
which held the stage in one form or another for more 
than 3 centuries, and survives today in popular 
parlance in the term “‘the electric fluid”’ or, still more 
colloquially, “‘the juice.’’ Cardan passed from the 
spiritual to the material in his explanation, which was 
that amber “‘has a fatty and glutinous humor which, 
being emitted, the dry object desiring to absorb it 
is moved towards its source, like fire to its pasture; 
and since the amber is strongly rubbed, it draws the 
more because of its heat.’’® 

In this last sentence we see the influence of Car- 
dan’s profession. He was, among other things, a 
physician, and was accustomed to warm the cupping 
glass in drawing blood from his patients. The laws 
of pneumatics were not yet understood at that time, 
and it was generally supposed that the cupping glass 
acted because of its heat. 

The fact that this “fatty and glutinous humor” 
was intangible and invisible seems to have caused 
Cardan no embarrassment. We may perhaps view 
this the more charitably when we think of the con- 
tradictory attributes that later scientists have found 
it convenient to assign to the luminiferous ether. 

The year 1551 in which Cardan published this 
theory may be taken as marking the end of the first 
era, in which electricity was regarded as a soul or 
spirit. Its beginning goes back beyond recorded 
history. 

The concept of electricity as a material substance 
contained in certain bodies known as electrics was 
strengthened by the experiments of Gilbert (1600), 
who showed that many substances besides amber 
were to be included in this class, but the full develop- 
ment of the fluid theory of electricity did not come 
until the middle of the eighteenth century. In the 
meantime, von Guericke (1672) had invented his 
sulphur globe electrical machine, which made electri- 
cal experimentation easy on a large scale. With the 
facilities thus placed at his disposal he discovered 
electrical conduction and electrostatic repulsion, the 
latter destined to be a phenomenon of prime impor- 
tance in later speculation on the nature of electricity. 

In the eighteenth century development of the fluid 
theory 2 names are prominent, those of Du Fay and 
Franklin, each typifying a separate trend in theory. 

Du Fay’s experiments (1733 and later) chrono- 
logically preceded those of Franklin. His most 
important discovery was that glass when rubbed 
behaved in one respect quite differently from amber; 
a bit of gold leaf excited by contact with the glass 
tube is then repelled by the glass but attracted by 
excited amber. ‘‘And this,’ said Du Fay, ‘leads me 
to conclude that there are perhaps 2 different elec- 
tricities.”’ These he distinguished accordingly as 
vitreous and resinous, and laid down the law that 
like electricities repel each other and unlike attract. 

To explain the same phenomenon Franklin (1747) 
postulated a single electric fluid of which all bodies 
were normally full. If a body acquired more than 
this normal amount he called it ‘‘plus,” or positively 
electrified, and if its charge was less than normal, 
“minus,” or negatively electrified. 
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Franklin’s hypothesis had simplicity in its favor; 
it required one less assumption than that of Du Fay. 
In this respect it obeyed more closely the rule laid 
down by Newton: ‘We are to admit no more causes 
of natural things than such as are both true and 
sufficient to explain their appearances .. . for Nature 
is pleas’d with simplicity and affects not the pomp 
of superfluous causes.’’? 

This simplicity of Franklin’s hypothesis, added to 
the reputation which he himself rapidly attained in 
scientific circles, gave the one-fluid theory an advan- 
tage over its competitor for the time being, but a 
serious theoretical objection was soon raised against 
it. Since on this theory a negative charge meant a 
deficiency of electric fluid, there must be a limiting 
value of negative charge, namely, when the body is 
completely emptied of the electric fluid; but 2 such 
bodies, both being negatively charged, should repel 
each other—and why? 

There was much hesitancy on the part of the one- 
fluid advocates about pushing this argument to its 
logical conclusion. It remained for a bold German 
named Aepinus (1759) to seize the bull by the horns 
and assert that matter devoid of electricity is self- 
repellent. 

This doctrine came as a shock to a generation many 
of whom could remember Newton. It was useless to 
point out that Newton had deduced the law of gravi- 
tation by observation of bodies that possessed their 
normal amount of electricity, and that the behavior 
of matter with the maximum negative charge was 
something which no one had ever observed. The 
one-fluid theory had received a serious jolt from 
which it never recovered; this argument was used 
against it as late as the 1830’s. The attention of 
theoretical physicists of the eighteenth century was 
turned toward the 2-fluid theory, and during the 
closing years of that century and the early part of 
the nineteenth the work of Coulomb, Laplace, Biot, 
and Poisson produced an elaborate and elegant mathe- 
matical theory which so well described all the electro- 
static phenomena then known that by 1830 the 2- 
fluid theory was generally accepted. 

But it often happens that as soon as one theory 
is comfortably settled on the throne another rises 
up to challenge its supremacy. We shall see the reign 
of each successive theory of electricity growing 
shorter. The thousands of years of the first era were 
followed by three centuries of the second. In the 
first half of the nineteenth century great things were 
happening. In 1820 Oersted had discovered that an 
electric current could produce a magnetic effect, thus 
tying together what had previously been regarded 
as separate phenomena. In 1822 Seebeck showed 
that electricity could be generated by heat. These 
discoveries impressed themselves on the mind of 
Faraday, then at work in the Royal Institution. He 
was familiar with the work of Davy in producing 
chemical decomposition by electricity, and the con- 
verse phenomenon of Volta, the production of elec- 
tricity by chemical action. Faraday was also aware 
of the converse of Seebeck’s discovery, the produc- 
tion of heat (and light) in the electric arc, and his 


6. Park Benjamin, op. cit., p. 248. 
7. Newton, ‘‘Principia,’’ Book III: 


“Rules of Reasoning in Philosophy.’’ 


thoughts turned naturally toward the undiscovered 
converse of the Oersted effect. He says himself at a 
later time® (1845): “I have long held an opinion 
almost amounting to conviction, in common I believe 
with many other lovers of natural knowledge, that 
the various forms under which the forces of matter 
are made manifest have one common origin; or in 
other words, are so directly related and mutually de- 
pendent, that they are convertible, as it were, into 
one another, and possess equivalents of power in 
their action. In modern times the proofs of their 
convertibility have been accumulated to a very con- 
siderable extent, and a commencement made of the 
determination of their equivalent forces.” 

Such were the considerations which led Faraday to 
attempt the generation of electricity by means of a 
magnet (1831). The story is familiar to all of us; 
how he placed a magnet in a helix of wire and found 
that no current was produced except momentarily 
while the magnet was being placed in or taken out 
of the coil. This discovery seems to have made quite 
an impression in other than scientific circles, as is 
evidenced by some verse which has come down to us: 


Around the magnet, Faraday 

Is sure that Volta’s lightnings play. 
To bring them out was his desire. 

He took a lesson from the heart; 

’Tis when we meet, ’tis when we part, 
Breaks forth the hid electric fire. 


Encouraged by this success, Faraday later (1845) 
sought and found a correlation between magnetism 
and light. Twenty years later this in its turn fur- 
nished the inspiration for Maxwell’s electromagnetic 
theory, by means of which the domain of optics was 
annexed to that of electricity 

The publication of Maxwell’s paper in 1865 may 
be considered as closing the second era of electrical 
theory, that in which electricity was regarded as a 
material fluid, and the opening of the third era in 
which the concept of electricity assumed a less 
material and more elusive form. 

By 1865 the 2 great doctrines of nineteenth century 
physics, the conservation of energy and the correlation 
of physical forces (as foreshadowed by Faraday) had 
been enunciated and were well on the way to general 
acceptance. During the ’70’s and early ’80’s elec- 
tricity, in common with heat and light, was some: 
times called, in the phrase of the day, ‘‘a mode of 
motion,” which meant a form of energy. 

The adoption of this view was, of course, a matter 
of slow growth. Maxwell’s electromagnetic theory 
had a long struggle for acceptance; so long, in fact, 
that Maxwell himself did not live to see its final 
triumph. He died in 1879, and it was not until 1886, 
when Hertz produced experimentally the electro- 
magnetic waves which Maxwell’s theory demanded, 
that its acceptance may be said to have become 
complete. 

Against this concept of electricity as a “mode of 
motion,’’ that is to say, a form of energy, Lodge? in 
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1889 entered a protest. He pointed out that water or 
air under pressure or in motion represents energy, 
but that we do not therefore deny them to be forms 
of matter. He emphasized an important distinction 
between 2 terms: electrification, which is truly a 
form of energy, as it can be created and destroyed 
by an act of work; and electricity, of which none is 
ever created or destroyed, it being simply moved | 
and strained like matter. ‘“No one,”’ said Lodge, “ever 
exhibited a trace of positive electricity without there 
being somewhere in its immediate neighborhood an 
equal quantity of the negative variety.” 

Lodge did much to crystallize the ideas of the time 
concerning the nature of electricity. These ideas, 
since Maxwell's merger of optics with electricity, had 
been, as Lodge pointed out, not clearly defined, but — 
in general the idea was that electricity was in some 
way a phenomenon of the ether. Lodge enlarged 
upon this idea, explaining electrostatic phenomena 
as due to ether stress, electric currents as ether 
flow, and magnetism as ether vortices. Electricity, 
which had been previously regarded as a material 
fluid, now became an immaterial one, and in conse- 
quence this third period of electrical theory may be 
called the ethereal era. 

As we mount toward the present time we see the 
different eras of electrical theory rapidly shortening 
in duration. While the spiritual era lasted several 
millenniums and the fluid theory 3 centuries, the 
ethereal era lasted only a few decades. The fourth 
era is that which is still with us. It may be called — 
the atomic or quantum period, in which it is note- 
worthy that but little attention has been paid to the 
ultimate nature of electricity and a great deal to its 
structure. It is difficult to say when this period 
began, as, in fact, the ethereal era began to die almost ~ 
as soon as it began to live. 

Wilhelm Weber,’° in 1871, in developing his theory | 
of magnetism, pictured to himself light positive 
charges rotating about heavy negative ones, much 
like a satellite about a planet; and in 1874 Johnstone 
Stoney read before section A of the British Associa- 
tion a paper entitled, ‘“The Physical Units of Na- 
ture,’ which was not printed until 7 years later.™ 
In this paper he asserted the atomic nature of elec- 
tricity, and made a rough calculation of the elemen- 
tary charge on the basis of Faraday’s law of electroly- 
sis. Ten years later! he was the first to use the 
term “‘electron.”’ 

Helmholtz,'? in his Faraday lecture at the Royal 
Institution in 1881, further developed this line of 
thought, saying (page 290): ‘‘Now the most star- 
tling results of Faraday’s law is perhaps this. If we 
accept the hypothesis that the elementary substances 
are composed of atoms, we cannot avoid concluding 
that electricity also, positive as well as negative, is 
divided into definite elementary portions, which be- 
have like atoms of electricity.”’ 

Maxwell himself saw that his electromagnetic 
theory was essentially continuous in its nature, and 
recognized the difficulty arising from the implications 
of Faraday’s experiments. In his ‘“Treatise on Elec- 
tricity and Magnetism” (1873, Vol. 1, Chap. IV, 
page 313) in the chapter on electrolysis he says: ‘“‘It 
is extremely improbable that when we come to under- 
stand the true nature of electrolysis we shall retain 
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in any form the theory of molecular charges.” 

For Helmholtz, however, the atomic nature of 
electricity was beyond question. Electricity, as he 
saw it, was a special chemical element!4 whose atoms 
combine with those of other elements to form ions. 
Moreover, it appeared to be a monovalent element, 
for it seemed that a monovalent element combined 
with one electron, a bivalent element with 2, and so 
on, exactly as a chlorine atom combines with one 
atom of hydrogen and an oxygen atom with 2 atoms 
of hydrogen. Helium, with its zero valence and 
double electrical charge, was as yet unknown. 

The inevitable process of reconciliation of these 
contradictory theories was early begun by Lorentz, 
who suggested for this purpose his electron theory of 
electricity. On this theory all the effects of elec- 
tricity inside bodies were explained on the assump- 
tion of electrons, and all the effects of electricity at a 
distance—electrostatic, electromagnetic, andinductive 
—required the help of the ether. To unite these 2 
classes of phenomena he assumed that each electron 
was closely bound up with the ether, and that any 
change in configuration of the electrons produced a 
change in the ether which was propagated with the 
velocity of light, and thus produced action at a 
distance. 

About this time an entirely new line of experimen- 
tal research was developing which was destined even- 
tually to make the atomic concept of electricity 
dominant for a time. This was the study of the 
electric discharge in high vacua. Several workers 
had investigated this field without attracting much 
notice, but it remained for Crookes to direct wide- 
spread attention to this class of phenomena by an 
exhibition of novel and beautiful effects in vacuum 
tubes which he gave at the meeting of the British 
Association at Sheffield in 1879. Crookes unques- 
tioningly assumed these effects to be due to electrified 
molecules of residual gas in the tube. It was shown 
later by others (J. J. Thomson, Townsend, Wilson, 
Millikan) that the negatively charged particles in a 
Crookes tube were not molecules or even atoms, but 
bodies of a minuteness previously unknown, about 
the 4/igooth part of a hydrogen atom in mass, and 
bearing a definite negative charge of electricity. For 
these tiny bodies the term electron, introduced by 
Stoney, was revived. Still later work brought to light 
the proton, with an equivalent positive charge but 
larger mass than the electron and, in our own day, 
the positive electron. 

As the result of this new line of investigation it 
became clear that a great many electrical phenomena 
required the atomic theory of electricity for their 
explanation. A great many, but not all; for a large 
number refused to fall in line under a corpuscular 
explanation, but could be simply and completely 
explained on Maxwell’s theory as ether disturbances. 
The discovery by Hertz of the electromagnetic waves 
predicted by Maxwell did much to swing the pen- 
dulum back in this direction. The reconciliation of 
these contending views has been carried on much 
along the line originally taken by Lorentz. It is of 
interest to note that his idea of an electron insepa- 
rably bound up with the ether is found today in all 
essentials in the theory of wave mechanics. 

We have now brought this somewhat hurried survey 
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of electrical history up to the present day. We have 
seen that past speculations as to the nature of electric- 
ity fall into 4 classes, each corresponding to an era of 
thought. In the first of these eras, beginning prob- 
ably with the earliest observations of electrical at- 
traction and terminating in the middle of the six- 
teenth century, electricity was regarded as a soul or 
spirit. The second era may be said to have been 
opened by Cardan in 1551 and closed by Maxwell in 
1865. During these 3 centuries electricity was re- 
garded as a material fluid of one or 2 kinds. It is 
worthy of note that during this period the concept of 
the electrical fluid showed a trend toward the imma- 
terial, from Cardan’s “fatty and glutinous humor’”’ to 
the impalpable and imponderable fluid of the early 
nineteenth century. In the third era electricity in 
its various manifestations was regarded as some kind 
of an ether disturbance of a continuous nature. The 
fourth concept emphasized the atomic or discon- 
tinuous structure of electricity without any sugges- 
tion as to the ultimate nature of these atoms. 

Although speculation as to the ultimate nature of 
electricity has been in abeyance since the opening of 
the twentieth century, it will certainly arise again; 
and, within limits, it is well that it should. We may 
therefore turn now to an examination of the wealth 
of material which the last 40 years have placed at our 
disposal, and see what it may contain that is likely 
to be of importance in guiding and suggesting future 
speculation as to the nature of electricity. 

The emphasis laid by the twentieth century on the 
structure rather than the nature of electricity is 
natural, for structure is much more easily determined 
than nature; moreover, a knowledge of the first is. 
likely to give us some useful hints as to the second. 
It appears that the discontinuous structure of elec- 
tricity goes almost hand in hand with that of matter. 
A tabular view of the known elementary particles of 
matter with their associated charges of electricity 
will be useful: 


Charge + — 0 
Heavy Protons | By cnet Neutron 
Mass 
Light +Electron —Electron (Neutrino) 


The heavy particles now known—the proton and 
the neutron—have a mass equal to that of a hydrogen 
atom; the light particles have about 14/j9) of this 
mass. The light neutral particle has not yet been 
discovered, but so urgent is the demand for it in 
current nuclear theory that it has been named before 
its advent. 

According to the idea that has prevailed for 2 
centuries, positive and negative electricity should be 
merely reflected images of each other, their properties 
being equal and opposite. The behavior of the nega- 
tive electron and the proton shows nothing incon- 
sistent with this concept as far as electrical properties 
go. On the discovery of the positive electron it was 
thought at first that it was shorter lived or, as a 
chemist might say, more reactive than its negative 
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counterpart, but this has not been borne out by 
subsequent investigation.!° The mass associated 
with the positive charge in this case has been investi- 
gated by several persons. The latest work is that of 
E. Rupp,!” who finds that the mass is within 5 per 
cent of that of the negative electron. Rupp appears 
to have found one point of difference between the 2 
which, if confirmed, will be of importance. 

It has been found that the passage of negative 
electrons through thin films of metal is accompanied 
by a diffraction effect, photographs of the electron 
beam after transmission showing a series of concen- 
tric rings. Rupp passed negative and positive elec- 
trons through the same films of gold and aluminum, 
and found that while the negative particles gave the 
usual rings the positive particles showed a continu- 
ous scattering. We will return to the interpretation 
of this later. 

As to the neutron, it is still uncertain whether it is 
a proton which has acquired a negative electron or 
whether it is to be regarded as an independent entity 
without electric charge. The latter, as we shall see 
later, would be in serious conflict with present ac- 
cepted electrical theory. 

There was a time, not so very long ago, when the 
atom of matter was considered to be its ultimate 
structural unit. The discovery of the proton and 
the electron gave meaning to the term “‘sub-atomic.” 
With this in mind, the question naturally arises as 
to a possible further subdivision of the electron. 
Several observers have claimed to have found evi- 
dence of smaller charges than that carried by the 
electron, but Millikan,'!® after an exhaustive discus- 
sion of the subject, came to the conclusion that up to 
1924 there had been adduced no satisfactory evidence 
of this smaller charge. 

In the early years of the present century there 
was some discussion as to whether the electron was 
to be regarded in shape as a rigid sphere (Abraham) 
or as contractile. The latter hypothesis was ad- 
vanced by Lorentz to explain the negative result of 
the Michelson-Morley experiment. Lorentz sup- 
posed the electron, by motion through the ether, to 
flatten into an oblate spheroid. Experiments by 
Bucherer'® in 1909 were interpreted as favoring the 
hypothesis of Lorentz. 

But in 1927 a new line of experimental evi- 
dence as to the structure of the electron was opened 
by Davisson and Germer,?® soon followed by G. P. 
Thomson.”! These investigators found, in brief, that 
electrons (of the negative variety) might be scattered 
by reflection or diffracted by passage through very 
thin films of metal in such a way as to suggest that 
an electron is at least as much like a little bunch of 
waves as it is like a particle, and that neither aspect 
can be ignored. 

This is well brought out by G. P. Thomson’s 
diffraction rings. The electron must have a wave 
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aspect, or there would be no interference pattern; it 
must have a charged particle aspect, or the whole 
ring system would not be deflected by a magnet, as it 
is found to be. The whole situation, in fact, had 
been foreshadowed theoretically by the wave me- 
chanics of de Brogli and Schrodinger. 

A number of explanations have been offered for this 
dual behavior. Perhaps the most completely worked 
out is that of J. J. Thomson,”? based upon the dif- 
fraction rings obtained by his son, which lend them- 
selves particularly well to theoretical treatment. On 
this view the electron is associated with and accom- 
panied by a group of waves which guide and direct 
its motion. Now it was found by a study of the 
speed of the electrons and the associated wave 
lengths in the diffraction rings that a curious and 
complicated relation existed between these quantities. 
If u is the velocity of an electron and } its associated 
wave length, this relation is: 


Ur 
ie u/c? 


in which c is the velocity of light and C is a constant. 

But this, as J. J. Thomson shows, is exactly the re- 
lation that should hold for the group speed of elec- 
tromagnetic waves in a medium such as the Ken- 
nelly-Heaviside layer, containing a multitude of elec- 
tric charges, positive and negative. 

J. J. Thomson, therefore, suggests the following 
structure for the negative electron: 


=C (1) 


1. A nucleus which, like the older concept of the electron, is a 
charge of negative electricity concentrated in a small sphere. 


2. This nucleus does not constitute the whole of the electron. 
Surrounding it there is a structure of much larger dimensions which 
may be called the sphere of the electron. This sphere contains an 
equal number of positive and negative charges, forming a little 
Kennelly-Heaviside layer around the nucleus. Measurements on 
the diffraction rings indicate a diameter for this sphere at least 
10,000 times that previously accepted as the diameter of the electron. 


3. The nucleus is the center of a group of waves and moves with 
the group speed in its atmosphere of electric charges. 


At the time that J. J. Thomson proposed this hy- 
pothesis the positive electron was not known. Here 
comes in the importance of Rupp’s work previously 
referred to.!” On their face, these experiments indi- 
cate either that the train of waves that accompanies 
a negative electron is absent from the positive elec- 
tron or that all possible wave lengths are present. 

Just as the atom, once regarded as an ultimate 
structural unit, is now recognized as a complex of 
electrons, protons, neutrons, and possibly neutrinos, 
so the electron, it seems, must be regarded as a simi- 
lar complex. Much more, doubtless, is to be learned 
about its structure before we can hope to answer the 
question, ‘What is electricity?” 

But perhaps the most outstanding fact in modern 
physical theory is the dominant position occupied 
by electricity. In the nineteenth century one spoke 
of matter and electricity as separate and independent 
entities; nowadays electricity has become the funda- 
mental entity of which matter is merely an aspect. 
Matter, once supreme, has lost its individuality and 
has become merely an electrical phenomenon of which 
electricity may exhibit more or less according to cir- 
cumstances. 
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It is obvious that our answer to the question, 
“What is electricity?” will be fundamentally influ- 
enced according to whether we hold an electrical 
theory of matter or a material theory of electricity. 
It will therefore be worth our while to examine the 
foundation for the present view that electricity, what- 
ever it may be, is the sole world-stuff. So radical 
has been this change in our thinking that it would 
seem a foregone conclusion that it must be based 
upon the clearest and most unequivocal of experi- 
mental evidence. 

This change in our concepts did not come suddenly. 
Its beginning dates back to 1893, when J. J. Thom: 
son’? showed on theoretical grounds that a charged 
sphere in motion through the ether would encounter 
a resistance which to all intents and purposes would 
appear as an increase in the sphere’s inertia, i. e., in 
its mass. Calculation indicated that this effect 
would become appreciable only if the velocity of the 
charged body was comparable to that of light. 

In 1893 this suggestion was of academic interest 
only, no bodies moving with sufficient speed being 
then available for experiment. A few years later 
conditions had changed. The study of radioactive 
substances and of the discharge of electricity through 
gases had placed at our disposal positively and nega- 
tively charged particles moving with unprecedented 
speeds, which in the case of the negative particles 
were in some cases comparable with the speed of 
light. Here, it would seem, was an opportunity to 
test Thomson’s theory of increasing mass. 

Unfortunately, the conditions of the problem were 
such that it was not at first possible to obtain a meas- 
ure of the mass of such a particle, but only a deter- 
mination of the ratio of the electric charge to the 
mass which carried it (e/m). 

Kaufmann** found, however, that for the swifter 
particles this ratio was less than for the slower ones. 
There were only 2 ways of explaining this fact, both 
equally radical: either the mass increased or the 
charge diminished as the speed of the particle became 
greater. 

In this dilemma, opinion inclined generally to the 
first alternative, largely because there was in exist- 
ence a theoretical reason to expect it, while no one 
as yet had been ingenious enough to suggest any 
reason why a moving charge should alter. It is of 
importance to note that Kaufmann’s experimental 
result, because of its equivocal character, cannot be 
accepted as more than half proving J. J. Thomson’s 
theory. 

Kaufmann calculated that such particles as he 
experimented with might have, when moving slowly, 
an “electrical mass’ equal to about 1/, their total 
mass. In making this calculation he assumed 
that a particle behaved as though it were a little 
metallic conductor, but he was careful to point 
out that a different assumption might lead to 
another result. 

And so it happened. J. J. Thomson, on the as- 
sumption that a particle had no metallic conduc- 
tivity, but acted like a point charge, found that 
Kaufmann’s results indicated that the whole of the 
mass of the particle might be accounted for elec- 
trically. 

This was the origin of the electrical theory of 
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matter. Its pedigree goes back to J. J. Thomson’s 
theory, which in turn was derived from the electro- 
magnetic theory of Maxwell. Kaufmann’s experi- 
ments only half proved Thomson’s theory, which in 
addition was complicated by a special assumptiou 
with regard to the distribution of the charge on the 
particle. Without this assumption only a part of the 
mass could be accounted for electrically. 

But much water has run under the bridge since 
1893. Forty years is a long life for any physical 
theory in these days, and the recent discovery of the 
neutron has brought with it a challenge to the elec- 
trical theory of matter. 

In J. J. Thomson’s original theory of the increase 
in mass of a moving charge, it was an essential point 
that the lines of force should be free to adjust them- 
selves as the motion demanded. As a leaf or a card 
tends to flutter down through the air broadside on, 
so the lines of force, originally distributed radially 
and symmetrically about the charge at rest, will tend 
to set themselves in a plane perpendicular to the 
direction of motion of the charge. They will not all 
be able to lie in this plane because of their mutual 
repulsion, but the density of the lines will be a maxi- 
mum in this plane and a minimum in the direction 
of motion, and a certain space distribution will 
result, of such a nature that the apparent increase of 
mass can be completely accounted for. 

But it is essential for this result that the lines of 
force shall be perfectly free at their outer ends; in 
other words, only a single isolated charge is con- 
sidered. Now ina structure like the hydrogen atom, 
composed of a negative and a positive particle, there 
is bound to be some interference with this freedom of 
adjustment. Ina neutral, non-ionized atom it would 
appear that all the lines must begin and end within 
the atomic structure. 

J. J. Thomson must be given credit for foreseeing 
this difficulty, although the Bohr atom was as yet 
years in the future. He had an atomic concept of 
his own in mind at that early date, and pointed out 
that the distance between the particles constituting 
an atom must be thousands of times the diameter of 
aparticle. ‘Inconsequence,”’ said he, “‘almost all the 
mass will originate where the lines have their greatest 
density, near each particle; and the particles are 
relatively so far from each other that the parts of the 
lines of force in their immediate neighborhood will 
have almost perfect freedom of orientation with the 
motion of the atom.’’?° 

This is a quantitative question; but it is clear that 
only under the most favorable conditions will we 
have a freedom of motion in the atom which approxi- 
mates that around an isolated charge, and in conse- 
quence the electrical explanation of matter, on J. J. 
Thomson’s theory must be approximate in the same 
degree. 

With the neutron, conditions are more rigid. As- 
suming the neutron to consist of a proton and a 
negative electron, the union of these must be almost 
as close as possible; as the neutron, on modern 
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theory, may form a constituent of an atomic nucleus. 
Here we are dealing not with atomic magnitudes but 
with subatomic dimensions, which is quite another 
thing. Freedom of motion of the lines of force in 
such a structure must be almost nonexistent. And, 
if we make the alternative assumption that the 
neutron is an independent, non-electrical entity, the 
electrical theory of matter must admit of an im- 
portant exception. 

But an electrical theory of matter to be acceptable 
must admit of no exceptions. It must obey the 
all-or-none principle. If it is approximate in even 
the slightest degree, we are confronted with the ex- 
istence of 2 kinds of matter, ordinary and electrical, 
and we are violating the rule of simplicity in reason- 
ing laid down by Newton. 

But has there not been later evidence supporting 
this theory? 

It sometimes has been said that Millikan’s oil-drop 
experiments, by which he measured the charge on a 
single electron, prove the constancy of this charge, 
and hence the variability of the mass alone in Kauf- 
mann’s experiments. It is true that Millikan found 
that the charge on an ion after it had been transferred 
to the oil-drop was the same whatever the source of 
the original charge. Ions of different gases, unques- 
tionably of different speeds, gave the same charge to 
the drop. But it is to be remembered that the meas- 
urement of this charge was made, not at the speed 
of the ion, but at that of the oil-drop, which was 
of the order of a few hundredths of a centimeter per 
second. 

The special theory of relativity is sometimes quoted 
in support of the constant charge and variable mass. 
It is true that Einstein” in his original paper of 1905 
gives a formula for the change of mass with the speed 
of a moving electron, which, like J. J. Thomson’s 
formula, becomes infinite at the speed of light; and 
that he gives no similar formula for a change in the 
charge. It will be interesting for us to see how he 
obtained this result. 

In section 10 of his paper Einstein derives the 
following formula for the x-component acceleration 
of a moving charged particle, together with formulas 
for the other components: 


ax el 

dt? mp3 

in which ¢ is the charge of the particle, m its rest mass, 
X the component of the electric vector, and 8 the 
familiar 1/V 1 — v?/c?. 

It is evident that the quantity e/m is altered by 
the factor 1/6*, but whether the charge or the mass 
or both are changed is not obvious. Einstein with- 
out comment assumes e to be constant and m to 
bear the full effect of the modifying factor, and on 
this basis derives his formula for the change of 
mass. 

This assumption, of course, was orthodox in 1905, 
but it is of interest to note that as a matter of logic 
the electrical theory of matter can claim no supporting 
evidence from the special theory of relativity. 

On the basis of this result of Einstein’s, Sommer- 
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feld2’ introduced a modification into Bohr’s theory of 
the atom. On Bohr’s theory the hydrogen atom was 
regarded as consisting of a negative electron revolv- 
ing in a Keplerian ellipse around a positively charged 
nucleus, the attraction between the 2 charges being 
balanced by the centrifugal force of the revolving 
electron. Sommerfeld (page 45) makes the orthodox 
assumption that the electrical charges remain con- 
stant, but that the mass of the revolving electron 
varies with its speed according to Einstein’s formula. 
In consequence, the mass of the electron fluctuates as 
it describes its orbit, being greatest at perihelion and 
least at aphelion, and its centrifugal force will vary 
slightly from that in a nonrelativistic Keplerian el- 
lipse. Because of this, the orbit becomes an ellipse 
with a moving perihelion like that of the planet 
Mercury. The effect of this will be to split the spec- 
tral lines, producing what Sommerfeld called the 
relativistic fine structure. 

This predicted effect has actually been found in 
the spectra of hydrogen and helium, the number of 
the component lines and their relative separation 
being in accordance with theory. 

As to the value of this result as a confirmation of 
the electrical theory of matter, it is to be observed 
that Sommerfeld would have obtained exactly the 
same modification of the Keplerian ellipse if he had 
assumed the charge to decrease and the mass to 
remain constant, thereby disturbing the balance by 
reducing the centripetal attraction instead of in- 
creasing the centrifugal force. 

The logic of the whole situation is that the elec- 
trical theory of matter can claim no independent 
support from Millikan, Einstein, or Sommerfeld. It 
rests for the present on J. J. Thomson’s theory, and 
even this theory assumes tacitly that the charge is 
unaltered by the motion. It is remarkable that 
every one we have mentioned, from J. J. Thomson 
onward, when confronted with the necessity of mak- 
ing a choice, prefers to keep the charge constant and 
let the mass take the consequences, and this without 
comment or apology. 

Of course, there must be a reason for this; and 
although it is explicitly stated by no writer whose 
works I have seen, the reason is doubtless to be 
found in a fundamental law of electricity, that of 
the conservation of electrical charge, with its corol- 
lary, the exact equivalence of positive and negative 
electricity. This law states that no one has ever 
produced the slightest trace of a positive charge with- 
out the simultaneous production of an equal and 
opposite negative charge somewhere in the neighbor- 
hood. 

This law has been the subject of some very search- 
ing experiments. We may operate within a large 
conducting cube, such as was built by Faraday at the 
Royal Institution; perform within it all the usual 
electrical experiments, excite a glass tube by rubbing 
it with fur, draw sparks from an electrical machine, 
and yet a sensitive gold leaf electroscope connected 
to the cube will remain undisturbed. It seems im- 
possible to create or destroy an electric charge with- 
out a compensating creation or destruction of an 
equivalent charge of the opposite sign. 

And yet, the era of thought which has not hesi- 
tated to question the conservation of energy can 
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hardly be expected to respect this electrical principle; 
in fact, this law has been brought under fire from 
several quarters. If these points of order are sus- 
tained they will have an important bearing on future 
answers to the question ‘“What is electricity?” 

It is well to remember in this connection that all the 
experiments upon which is based the law of conserva- 
tion of electric charge have started with neutral 
bodies. The glass tube and the fur were at first 
neutral, but exhibited equal and opposite charges 
after being rubbed together; the electrical machine 
was at first neutral, but on being operated its 2 sides 
became equally and oppositely charged. 

Suppose a chemist should announce that as a 
result of the analysis of several thousand neutral 
salts he had come to the conclusion that acid and 
basic radicals existed in equal amounts in nature; 
we would likely think him ignorant of such syntheses 
as that of the acid radical cyanogen (CN) from its 
elements in the electric arc. 

But, is there any known electrical analogue 
of such a synthesis or its reverse dissociation? No, 
nothing that we have so far been able to produce in 
the laboratory; yet if we imagine some race of 
children of the gods who could play with planets as 
we with pith balls, something of this kind might come 
to their notice. 

Among the phenomena of atmospheric electricity 
there is an unsolved mystery. Many fruitless at- 
temps have been made to explain it consistently 
with the principle of conservation of electrical charge. 
Continual failure has led more than one physicist 
to look for the explanation in a slight departure from 
this principle, and it has been shown that a departure 
so slight as to be beyond laboratory detection would 
yet, on the large scale, solve this mystery. The 
difficulty in question is to account for the negative 
charge of the earth. 

For our earth is not a neutral body. Its entire 
surface is negatively charged to such an amount that 
there exists near the surface a potential gradient of 

150 volts per meter. The conductivity of the atmos- 
phere is small, but not zero; and because of this 
conductivity and the potential gradient there is a 
continual conduction of negative electricity away 
from the earth amounting, over the whole surface 
of the earth, to a current of about 1,000 amperes. 
Small as this may appear, it is sufficient to bring 
about a loss of 90 per cent of the earth’s charge in 
ten minutes if there were no means of replenishing 
the loss. The nature of this replenishment is the 
mystery referred to. 

So great has been the difficulty of accounting for 
this replenishment that in 1916 G. C. Simpson,”* now 
director of the British Meteorological Office, raised 
the question of a possible spontaneous production 
of a negative charge in the earth’s interior, but offered 
no suggestion as to how this could be brought into 
line with existing theory. 

In 1926 Swann,2? who had worked unsuccessfully 
with the same problem, followed Simpson’s lead, but 
chose the other alternative of a slight annihilation, 
or as he called it, death of positive electricity. He 
was able to bring this into connection with existing 
electrical theory by generalizing Maxwell’s equations. 
His fundamental idea was that there might be a very 
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slight difference in the properties and behavior of 
the 2 electricities. Here again we are reminded of 
the difference apparently found by Rupp. 

Such a suggestion was not without precedent. 
Lorentz*° in 1900 had postulated a difference between 
the attraction of unlike charges and the repulsion 
of like charges to account for another mystery— 
gravitation. It must be admitted that the accepted 
idea of the absolute equivalence and mirror-image 
character of the 2 electricities had weakened some- 
what when such men as the director of the British 
Meteorological Office, the director of the Bartol Re- 
search Foundation, and a Nobel prizeman could join 
in expressing doubt of its accuracy.*} 

Swann’s theory of the maintenance of the earth’s 
charge is, from the theoretical point of view, the 
most successful that has yet been advanced. He 
modifies the equations of Maxwell by introducing 
2 small terms, amounting respectively to one part 
in 107° and 5 parts in 101° of the main term of the 
classical theory. These additional terms involve the 
acceleration and time rate of change of positive 
charge. 

Swann assumed no similar terms for the negative 
charge, his idea being that there is a slight differential 
effect in behavior. For simplicity, therefore, he in- 
troduced a differential term applying only to positive 
electricity. This assumption enabled him to account 
for a slow death of positive electricity due to the 
centripetal acceleration produced by the earth’s rota- 
tion. 

To account for the known electrical facts, there is 
necessary an annihilation of less than one proton per 
cubic centimeter per day, equivalent to a loss of 0.5 
per cent of the earth’s mass in 107° years. This 
would also account for as much of the earth’s mag- 
netic field as is symmetrical about the earth’s axis, 
and would give the correct ratio for the magnetic 
fields of the earth and the sun. Moreover, no de- 
velopment of charge or magnetic field could be 
detected with a sphere of laboratory size rotating 
at the highest practicable speed. And finally, 
Swann’s scheme is consistent with the special theory 
of relativity. 

Whatever may be thought of Swann’s fundamental 
assumption, it must be admitted that his theory is 
experiment-proof. Moreover, even though it should 
be definitely disproved, it would have the lasting 
merit of iinpressing upon us caution in extrapolating 
laboratory results to the cosmic scale. 

The relations of newly discovered fact and existing 
theory are, as we have seen in this somewhat brief 
survey, rich in suggestion. Speculation is not dead, 
but sleeping. If the past is still an indication of the 
future, it will awake again to renewed activity, and 
when this occurs we will need a wide acquaintance 
with fact and a good sense of perspective to guide 
and direct future speculation on the question, ‘“What 
is electricity ?”’ 


28. G.C. Simpson, Monthly Weather Review, v. 44, p. 121, 1916. 


29. Swann, Journal Franklin Institute, v. 201, p. 148, 1926; Phil. Mag., v. 8, 
p. 1088, 1927. 


30. Lorentz, Koninklijke Akademie van Wetenschappen te Amsterdam, 
Proceedings of the Section of Sciences, v. 2, p. 559, 1900. 
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Modernization of 
Transmission Lines 


The results of a survey by the A.I.E.E. 
lightning and insulator subcommittee* of 
the methods used to reduce the effect of 
lightning on existing transmission lines for 
medium and high voltages are given in this 
paper, which summarizes data obtained by 
means of a questionnaire sent to various 
operating companies. 


ieee eae study of the effects of 
lightning on transmission lines, which has been in 
progress in the field under operating conditions, in 
the laboratory, and in theory, has produced during 
the past 10 years a vast amount of information valu- 
able in protecting lines and equipment. When new 
lines are constructed, advantage can be taken of 
the then existing knowledge and theory of lightning 
effects, but always there are existing transmission 
facilities which, constructed in the past, do not have 
incorporated in them the most recent developments 
in the art of lightnitig protection. 

Recognizing this situation, the committee believed 
that if it were to collect and present data showing 
what has been done within recent years, in the light 
of the better knowledge and understanding of the 
subject, to improve the lightning performance of 
existing transmission lines, the information would 
be of interest and value to engineers. When new 
ideas and developments in protection appear, they 
are usually adopted and frequently reported quite 
promptly. However, in so far as the rebuilding or 
modernizing of existing lines is concerned, the record 
of what has been done usually is not made generally 
available to the industry as promptly as in the case 
of new development. This is one of the reasons why 
the committee has undertaken in this paper to make 
a survey of various methods which have been 
adopted during the past 10 years or so to combat the 
influence of lightning on existing transmission lines, 
and to present, so far as possible, the results of such 
changes. 


A paper prepared by the lightning and insulator subcommittee of the A.I.E.E. 
committee on power transmission and distribution, recommended for publication 
by the A.I.E.E. committee on power transmission and distribution, and sched- 
uled for discussion at the A.I.E.E. winter convention, New York, N. Y., Janu- 
ary 28-31, 1936. Manuscript submitted Nov. 8, 1935; released for publication 
Nov. 29, 1935. 


The committee wishes to express its appreciation to all companies that have co- 
operated in supplying data on which this paper is based, and particularly those 
companies that promptly and in detail sent in information in answer to the 
questionnaire. 


*Personnel of A.I.E.E. lightning and insulator subcommittee: Philip Sporn 
chairman; I. W. Gross, secretary; C. L. Fortescue, H. A. Frey, D. C. Jackson, 
Jr., W. W. Lewis, J. T. Lusignan, and F. W. Packer. ; 
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ScOPE OF THE PAPER 


As already mentioned, this report covers only 
lines which have been altered in some way to im- 
prove their lightning performance, and does not 
include the protective means which have been used 
on newly erected lines. The various schemes used 
are presented and discussed, together with the number 
of reporting companies using the schemes, system 
voltages of lines on which changes have been made, 
and miles of line equipped. Individual schemes are 
described together with the operating performance 
(when available) of lines so equipped; and perti- 
nent comments or opinions of the various contribu- 
tors are given. Also, where details are available, 
a discussion is given of a few typical examples of 
construction which have been used. 

The operating experience obtained under the 
various conditions is in most cases rather sketchy, 
partly because a number of the methods used have 
been put into effect quite recently, partly because 
many of the operating records are incomplete, and 
partly because in some cases only sections of lines 
have been altered, which leaves the protective value 
of the scheme used largely up to individual opinion 
rather than statistical data. 

The relative use of the various schemes by different 
companies and trends in practice are summarized in 
conclusion. 


METHOD OF OBTAINING DATA 


From time to time various companies have re- 
ported in detail the means adopted to combat light- 
ning on the various parts of their systems and the 
operating results obtained. These contributions 
are distinctly valuable, but, of course, are confined 
to the methods adopted by some particular com- 
pany and do not therefore give a broad cross section 
of what is being done at large. To present a more 
comprehensive picture of what has been done 
throughout the country, the committee therefore 
decided to send to a number of the larger operating 
companies a questionnaire to obtain data on the 
various schemes of protection used to improve the 
performance of existing lines in the voltage classes 
from 22 kv to 220 kv. 

The questionnaire was confined to questions re- 
garding the methods used and results obtained in 
attempting to better the lightning performance of 
lines, as it has been shown in the past that troubles 
from this cause have accounted for as high as 80 
per cent of all line outages. Further, the informa- 
tion asked for was confined to rebuilt, revamped, 
or modernized lines, and did not include new lines 
which had been constructed with the benefit of the 
latest knowledge and thoughts on lightning protec- 
tion. The questionnaire was sent to 15 companies 
and answers were received from 12. While the 
companies reporting their experience represent some 
20 per cent of the total kilowatt-hour output of the 
country, it should be pointed out that there are 
doubtless other companies who have modernized 
their lines by various methods which may or may not 
be reported in this paper. Although the data re- 
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ceived in answer to the questionnaire is not claimed 
to be inclusive, it is believed to be typical of the 
ae and experience of a large part of the indus- 
ry. 
In collecting such data it is, of course, impossible 
to cover all the details of the various types of con- 
struction used, but it is believed that the general 
schemes employed to provide better lightning per- 
formance of lines, and the thoughts, as regards the 
protection expected and afforded, of those engineers 
who are active in designing and operating these 
lines, will be of considerable value to a great many 
who have similar problems to deal with. 


MetTHops USED 
IN MODERNIZING LINES, AND RESULTS 


The method of dealing with the effect of lightning 
on transmission lines has in general been approached 
from 3 different angles: first, control the lightning 
when it gets on the line; second, keep the lightning 
off the line; and third, increase the resistance of the 
line to flashover from lightning voltages. All these 
or combinations of them have been used in moderniz- 
ing lines on which data are reported here. The 
complete questionnaire which was sent out is too 
voluminous to give here, but answers to the features 
outlined therein are presented in summary form in 
table I and discussed in more detail in the following 
pages. 


EXPULSION PROTECTIVE OR DEION GAPS 


Of the 12 companies reporting, 9 are using expul- 
sion protective or deion gaps and one other pur- 
chased them a year ago for installation on a 44 kv 
line, but at the time of writing had not yet installed 
them. As to voltage class, 2 miles of 220 kv line, 


206 miles of 132 kv line, 26 miles of 110 kv line, 67 
miles of 66 kv line, and 7.5 miles of 26.4 kv line, 
are equipped with the gaps, with some tubes in use 
on 13.2 kv lines (this latter voltage is outside the 
range covered by the questionnaire). In addition 
to the use of these devices on the lines proper, they 
have also been installed in a few locations at pole 
top switches and steel towers on 33 kv lines. An- 
other company reports using them in small quantities 
to protect cables which form parts of a 22 kv wood 
pole line, and on lines near station entrances. 

The operating record with this method of protec- 
tion is in most cases rather sketchy. In the 132 kv 
class, the line operation reported by one company 
has been very much improved, the average outages 
for a 7 year period before installation of the gaps 
being 13 per year, and for 3 years after installation, 
5.7 per year. Another line showed 9 yearly outages 
for a 7 year period before tubes were installed and 
afterward 4 yearly outages during a 2 year period. 
On still a third line 11 outages per year occurred 
during 7 years without tubes, and one outage per 
year for the 2 year period it was operated with tubes. 
A 110 kv line showed 8 outages during one year’s 
operation before installation of the tubes, and during 
one year’s operation after, 11 outages. A 69-kv 
double-circuit steel-tower line, which had a 10 year 
outage record of 11.3 per hundred niiles of line per 
year, experienced 12 outages on the same basis during 
the first year equipped with tubes. In this connection, 
however, the reporting company states: ‘The 
majority of tripouts were apparently due to short 
relay and circuit breaker operating times compared to 
gap operating time.” After the relays had been 
increased to trip in about 5 or 6 cycles, the record 
for the subsequent year showed 3 tripouts on one cir- 
cuit and one tripout involving both lines. These 3 
tripouts are included in the 12 just mentioned. This 


Table I—General Summary of Answers Submitted by 12 Companies to Questionnaire on Modernization of Transmission 
Lines 


Miles of Line? Having Protection 


Number of —— Effectiveness in Bettering Line Performance 
Companies Kilovolt Rating 220 gelsZa 110 OGem Oo Smemerz ec, 
Additional Protection Employed Using of Lines kv kv6 kv kv kv kyvys Favorable Comments Unfavorable Comments 
1. Expulsion protective or deion gaps......9....220, 132, 110, 66, CRP ie eeloia5, Wise aco ox Wigols - Effective in reducing circuit Weathering qualities 
33, 26.4, 13.2 interruptions need improving 
2- Additional ground rods................ ee oa CO is BCS Se io aco oeloG 38...... 10 nee gee on Se re stn Yes—limited data... .+++,++-None 
3. Counterpoise wires...........-----+--- Gee 220) 132,110,662... -<- ver lectyoo evhdichaa nar no ako Effective in reducing circuit None 
interruptions 
4. Additional ground wires............. 8....220, 140, 132, 66, 33... 2S aoligiecereet 141. Weaamco sad Outage ratio of 1 to 4indi- None 
cated by one company 
5. Additional insulators per conductor..... ZO LL ON OO,coaet oie WO 2ireteteterers Ole Olena 4:5). BEneHCial sc sraetsvs:ckorere ci -veseercs None ? 
6. Line'type arresters.. 2.5... 0s estes: POG 2 Dee te cisial a Veter niereletohcrel ot elsleiafehasakelaters Dieters et MATOS None. Watotene BppEaD epeun ar Not effective 
7, “ESIEROCOIES eee wo ea ao ode Goo Bo 1....140. 25Oe steretanntoonerenesakereken Pease eset Effective on line to ground Not effective on most 
faults phase to phase faults 
8 Wood crossarm braces........--.+000-85 4....66, 33, 22........ 06 - sere eee ee ees. 20..128..115 ..Very effective in reducing Increased minor splin- 
; line outages tering of poles and 
crossarms 
9. Insulated guy wires*...............+++- TRO LAO OS CBN E EROS Oe eds 6 Ona ae corto Dc 20..185..115 .. Decreased pole and cross- Increased pole splin- 
arm splitting tering some guy 
: splitting 
10.1 Grading shields or arcing horns......... Ape lazyl10, 66-1). eer e i Yaioeckion Woo chocus amen ¢ rerrcine on high voltage None 
aS 
11.1 Fused grading shields......-.....--.-- Deco HOO Cisanmppevaus poo omed Gandouo8ee DBS Soto ue soo Sate INOnG Stacarecn'sc te nereaicrs Large number of re- 
placements — lim- 
ited experience 
. ifically asked for in questionnaire. 7 ; 4. Alone or in combination with wood crossarm braces. 
a Pe ice eort cee of fines modernized. Only mileage given is recorded. 5. Including 26.4 and 27 kv. 
3. Opinion of company reporting (expressly stated or implied). 6. Including 140 kv. 
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Fig. 1. Expulsion protective gaps mounted on 
the insulator string at suspension assemblies on 
both circuits of a 69-kv 2-circuit steel-tower line 


company has experienced some difficulty from exter- 
nal flashover of the device. 

On a 58-mile 66-kv line equipped with tubes, the 
outages before installation averaged 12.2 in 4 years’ 
operation, but for the one year’s operation with 
tubes no outages were reported. However, on a 7.5- 
mile, 26.4-kv line, 7 years of operation before equip- 
ping gave an outage record of 2.7 per year, and after 
installation 6 in one year’s operation. No com- 
ments were given by the operating company for the 
lack of protection indicated in the latter. 

The general type of construction used in mounting 
these gaps or tubes has already been covered by 
various papers, the usual method being either to 
attach the device on the insulator string or tower 
structure on high voltage lines, and usually on the 
supporting structure only in the lower voltage lines, 
although one company shows the device mounted 
through an insulator directly on the 24.6 kv circuit. 
Typical construction methods used by one company 
on a 2-circuit 69-kv steel tower line are shown in 
figures 1 and 2, and the construction used on a 66 
kv wood pole line by another company in figure 3. 


ADDITIONAL GROUND Rops 


Four of the 12 companies reported using additional 
ground rods as a means of reducing tower footing 
resistance. The mileage definitely reported was 39 
miles of 66 kv and 37 miles of 140 kv. One other 
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company reported the use of ground rods at scattered 
locations on 132 kv lines. 

Operating records are not available to indicate the 
betterment in line performance as the result only of 
the addition of ground rods. One company, how- 
ever, reports that on a 140 kv system the troubles 
per 100 miles of line per year (flashovers) were 17 ina 
low-resistance 20-mile section of the 38 mile line 
against 30 cases in the other half of the line which 
had high tower footing resistance. In the first half 
the tower footing resistance averaged 52 ohms, and 
in the second 800 ohms. A 31 mile line (a continua- 
tion of this 38 mile line) with modern so-called light- 
ning-proof construction, showed a trouble record of 3 
per hundred miles of line per year. This section of 
the line has an average tower footing resistance of 22 
ohms and an average tower footing resistance, where 
arcover occurred, of 24 ohms. The reporting com- 
pany draws the following conclusion: “Although the 
record is very good, it appears that absolute im- 
munity from lightning troubles is almost impossible 
to obtain.” 


COUNTERPOISE WIRES 


Six of the 12 companies reported using counterpoise 
wires on a total of 182 miles of line in the voltage 
range from 66 to 220 kv. The various types of 
counterpoises used are indicated in figure 4. In the 
220 kv class, one company reports an average of 5 
line outages per year, during a 3 year period before 
counterpoises were installed, and one per year during 
a 6 year period after counterpoises were installed. 
Another company reports 21 outages per year on a 
110 kv line during a 6 year period before counter- 
poises were installed, and 6 per year during a 4 year 
period after installation of counterpoises. A third 
company reports no outages on a 220 kv line in one 
year of operation before counterpoises were in- 
stalled and 0.6 of an outage per year for the 3 years 
following with counterpoises in service. 

A fourth company installed counterpoises at 
various sections on the line and has found an ap- 
parent decrease in the number of flashovers in these 
sections in the past 3 years as compared to the pre- 
vious 5 years, although the use of protective gaps on 
one circuit does not render the record definite. In 
this particular case, the use of counterpoises re- 
duced the measured tower footing resistance approxi- 
mately 50 per cent. 

Two companies report cross bonding between 
towers where 2 tower lines traverse the same right of 
way. On a 40-mile 2-tower 69-kv line where cross 
bonding was employed on 224 towers during the 
past year (1935), 2 outages occurred involving all 4 
circuits and one outage occurred involving 2 circuits » 
on one tower line. Three years previous to this 
time, bonding had been done on 85 towers, and for 
these 3 years the record showed 17 single circuit 
outages, 19 double circuit outages, and 1 4 circuit 
outage. 

Scattered cross bonding at 21 towers on a 220 kv 
line is reported by another company, but obviously 
the performance record of the line as the result of 
these changes is hard to evaluate and was not given. 
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ADDITION OF GROUND WIRES 


Eight of the reporting companies have installed 
additional ground wires, these being mostly the 
_ addition of a ground wire to lines not already so 
equipped. This practice was adopted on lines for 33 
kv, 66 kv, 132 kv, 140 kv, and 220 kv. Approxi- 
mately 340 miles of line have been modernized in 
this way, but in most cases other changes were made 
which make it practically impossible to evaluate the 
benefits of the additional ground wire alone. Where 
data are available, a ratio of as high as 4 to 1 be- 
tween outages before and after the installation of 
ground wires has been recorded. 


_ CHANGES IN ORIGINAL INSULATION 


Five companies report changes to increase line 
insulation on 22, 66, and 220 kv circuits. A total 
of 250 miles of line was reported as so treated. 
In the case of 66 kv lines, the insulation was increased 
by one company from 5 units to 6, and by another 
company from 7 units to 8. On the 220 kv line the 
increase was from 14. units to 16. The amount of 
increase in the insulation on the 22 kv line was not 
reported. Reported data indicate decreases in line 
outages in the order of 8 per cent on 220 kv lines, 
from 40 to 70 per cent on 66 kv lines, and 20 per cent 
on 22 kv lines. 

On one 30-mile 2-circuit 69-kv tower line the insu- 
lation was increased from 7 units to 8 on the top 
phases, and to 9 on the middle and bottom phases. 
A ground wire also was added at about the same time. 
The net effect during a 4 year period before these 
changes were made as compared with a 3 year period 
afterward showed approximately the same number 
of yearly single-circuit outages and a reduction of 


Fig. 2. Expulsion protective gaps attached to the 
tower arm at dead end assemblies on same tower 
line as shown in figure 1 
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more than 20 per cent in the yearly double-circuit 
outages. Later, with the tower line still equipped 
with one ground wire, the insulation on all 3 phases 
of one circuit was reduced to 5 units, with the result 
that during the succeeding 4 years the yearly number 
of outages on the circuit having 5 units was approxi- 
mately doubled, although the yearly number of out- 
ages on the line retaining the 8 and 9 units was re- 


Fig. 3. 


Expulsion protective gap installation on 
single-circuit 66-kv wood-pole line 


Note the horn at the top of the tube to maintain a fixed external 
gap 


duced by some 85 per cent. The double-circuit 
outages were about 70 per cent of the average for 
the previous 3 years’ operation when both lines were 
insulated with 8 and 9 units. This operating ex- 
perience checks with the operating results of another 
company which employed this differential insulation 
on a 66 kv line, where it was shown that the outages 
on the underinsulated circuit very much exceeded 
those on the overinsulated one. In this case, how- 
ever, comparative results were not possible as the 
line had never operated with equal insulation on 
both circuits. 


LINE Type LIGHTNING ARRESTERS 


Two companies report the use of arresters on the 
line proper, one on a 25 kv system, and the other ona 
66 kv system. The total line mileage is given as 23 
for the 66 kv line, but no record is available on the 
25 kv system. In reporting on the performance of 
line type arresters, the company operating this 66 kv 
line reported that when first installed no flashovers 
had occurred at insulator strings equipped with 
arresters. Following this experimental installation, 
the line was equipped at each phase of the 2 circuit 
line about every fourth tower. The company’s 
comment is as follows: ‘Because the 3 year (1929, 
1930, and 1931) tripout record on the circuit 
equipped with lightning arresters was as bad as its 
companion circuit not so equipped, and because there 
were failures of the arresters themselves, the arresters 
were removed from service at the end of the 1931 
season.” ; 

Experience in the use of line type arresters is ap- 
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parently quite limited, and conclusions as to their 
effectiveness in preventing line outages cannot very 
well be made because of the limited amount of data 


available. 


PETERSEN COILS 


The use of the Petersen coil has been reported by 
one company on an extensive (250 mile) 140 kv un- 
grounded neutral system, in a rather complete report 
which has been previously published. While the 
data submitted in answer to the questionnaire in- 
clude an analysis on the basis of line faults without 
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Fig. 4. General types of counterpoises used on 
lines operating at from 66 to 220 ky 


A—Perpendicular crowfoot; galvanized flat strap iron, 
1/15 by 11/2 inches 
B—Offset parallel; 7 strand “‘Armco Ingot’’ iron, 3/2 inch 
diameter 
C—Diagonal crowfoot; 2/0 hard drawn and soft drawn 
stranded scrap copper 
D—Parallel; galvanized flat strap iron, 4/16 by 2 inches 
E—Double continuous; hot rolled black copper, 4/4 inch 
diameter 
F—Parallel continuous, as used on double tower lines 
ended and cross-bonded at roads; 92/0 solid copper ’ 


Some single tower lines and single counterpoises using 1/0 

copper, also galvanized steel of */s inch diameter. Ondouble 

tower line construction, one company uses cross bonding 
without the parallel buried counterpoise wire 


A\l counterpoise wires buried from 12 to 24 inches deep, de- 
pending upon local conditions and requirements 
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segregating lightning troubles, a summary record is 
interesting on the effectiveness of this device in clear- 
ing troubles. 

For a 5 year period, 70 per cent of all faults were 
cleared without line interruption. Over 90 per cent 
of the line-to-ground faults were cleared, and 21/, 
per cent of the short circuits without line interrup- 
tion. Of faults not definitely classified as to nature 
(that is, ground faults or short circuits) 70 per cent 
of the faults were cleared without line interruption. 


Woop IMPULSE INSULATION 


Seven companies reported the use of wood to 
insulate the line more effectively against lightning 
surges. The types of construction used include sub- 
stituting wood crossarm braces for metal braces, 
and insulating the down-lead on poles (on lines 
either with or without ground wires) to make more 
effective use of the wood in the existing structure. 
Where the impulse insulation of the line is increased 
in this way, guys are usually insulated with wood 
members, and in some cases porcelain insulators. 
It appears from the record that the use of wood has 
been rather extensive in 33 kv lines and also in some 
22 and 66 kv voltage classes, and it is also known 
that it has been used on 110 kv lines (not reported 
here). 

On one 33-kv 2-circuit wood pole line using pin in- 
sulators (except at dead end structures) and carrying 
one ground wire, the steel braces were replaced with 
wood. The ground wire formerly carried by a steel 
bayonet at the top of the structure was reinsulated 
with a wood pole top extension, and the ground lead 
from the ground wire was offset from the pole, 
being brought down to a point under the lower con- 
ductor, where it was again swung in to the pole and 
carried to ground. This type of grounding was done 
at approximately every third pole. 

The performance of this line from a 5 year average 
before changing showed single circuit outages of 3.6 
per year and 6.2 double circuit outages. For the 3 
years after this reconstruction had been in service, 
the single circuit outages averaged 2 per year and 
the double circuit outages 0.8 per year. Views of 
the field construction actually used are shown in 
figures 5 and 6. A dead end structure using por- 
celain and wood guy strain insulators is shown in 
figure 7. 

The same method of procedure was used by one 
company on a 66 kv line where the pole downlead was 
offset to take advantage of the pole insulation, but 
here, on account of the greater physical spacing re- 
quired by the 66 kv circuit and the suspension in- 
sulators used, it was not necessary to use wooden 
crossarm braces. 

Companies reporting on the use of wood on the 
lower and medium voltage lines have in most cases 
not given the miles of circuit so equipped which 
makes the record of total miles of line where re- 
building of this type has been done rather incom- 
plete. However, from the records received, it is 
interesting to note the extent to which various com- 
panies have gone in applying more scientifically 
the use of wood for impulse insulation. The partial 
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Fig. 5. 


Wood braces, wood pole 
top extension, and offset down-lead 
on 33-kv 2-circuit pin type line. 
Full advantage has been taken of the 


Fig. 6. Another view of the line 

shown in figure 5, showing a pole 

without the down-lead which was used 
about every third pole 


Fig. 7. A 33 kv wood pole line using 
insulated wooden support for ground 
wire, porcelain guy insulators (right 
hand) and wood guy insulators (left 


impulse insulation of the wood 


record shows wood used in some form or other 
(wood arms, wood guys, lowering of guy wires, etc.) 
on some 270 miles of line, although it is believed the 
total mileage of lines so equipped is at least double 
this. 

One company reports the use of pole top ground- 
ing on a 33 kv system by the use of a pole down-lead 
extending above the pole top. This pole top pro- 
tection has apparently been effective in reducing 
pole splitting previously encountered before these 
ground leads were extended above the pole top. 

Experience of another company in improving the 
insulation of the line by effective use of wood has 
shown that without ground wires the pole and cross- 
arm splintering has increased, although it is re- 
ported that severe damage to the pole and crossarm, 
which has been severe enough to require immediate 
attention, has not been increased. 

Another company reports using wood guys on 2 
66 kv lines, but not wood crossarm braces. No out- 
age has been experienced in 7 years’ operation. 
Damage to the line has been almost negligible, 
but about 8 wood strain insulators were very badly 
shattered and had to be replaced. This company 
concludes in commenting on the use of wood: “We 
have less outages, but when we have one the damage 
is usually quite severe, and the outage is prolonged. 
Fortunately we have had very few.” 

A type of construction on a 66 kv line used by 
one company, similar to that used on the 33 kv line 
referred to above, is shown in figure 8. Here the 
steel braces have been retained, but the pole down- 
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hand), also offset pole down-lead 


lead has been offset, and the ground wire insulated 
from the pole. A near balance between the impulse 
insulation of the conductor to down-lead compared 
to the insulator plus crossarm arcover was ob- 
tained without replacing the metai braces. 

Another construction used on a single-circuit 33-kv 
wood-pole pin-type line without ground wire is shown 
in figure 9. This has been effective in decreasing 
pole damage (13 per year before to 7 per year after- 
ward). 


OTHER PROTECTIVE DEVICES 


Several companies report the addition of grading 
shields, arcing horns, and fused grading rings. In- 
formation on these was not specifically asked for in 
the questionnaire, and therefore any attempt to 
summarize the use of these devices would probably 
be inisleading in showing the extent to which they 
have been employed. Four companies report using 
either arcing rings or grading rings, and 2 companies 
volunteered the information that they had used 
fused grading rings. Regarding the grading shields, 
one company reports that they would not consider 
building a high voltage line today without installing 
such protection. 

In reference to fused grading rings, one company 
reports using a few fused grading rings for several 
years. They have experienced 2 operations of these 
devices, but express the opinion that they ‘“‘doubt if 
this provided any voltage relief from the system.” 
The other company, volunteering information on this 
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device, installed some 36 on a 66 kv line near the 
station. They report: ‘Due to the large number of 
replacements necessary after each storm, no further 
use of the fuses was made after 1933 and the rings 
were removed in 1935 when the 2 overhead ground 
wires and additional insulators were installed over 
the whole length of the line.’’ The records are not 
clear or complete enough to give any indication of 
the effectiveness of this device in service. 


GENERAL SUMMARY 


Expulsion Protective and Deion Gaps. The gaps, 
which have been quite extensively applied within 
the past 2 or 3 years, appear in most instances to 
be generally effective in reducing line outages 
initiated by lightning. In most cases, those using 


them, however, report some doubt as to their 


- 


Fig. 8 (left). A 66-kv wood-pole line having pole 
down-lead insulated (or offset) from pole until after 
passing bottom conductor 


Note wood pole top extension to increase impulse insulation 
of line 


Fig. 9 (right). A 33-kv pin-insulator wood-pole 
line without ground wire, using wood braces, 
pole gap, and pole top rod (not visible in picture) 


weathering qualities and consequent maintenance 
costs. Some external flashovers of tubes in service 
have been experienced. 


Lightning Arresters. The use of line type lightning 
arresters for bettering line operation has so far been 
very limited. The results reported do not at the 
present time look very encouraging for these devices 
to have extended use for line protection. 
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Improvement in Ground Resistance. The attempt 
to improve line performance by lowering ground 
resistance has been given considerable attention, 
particularly in the higher voltage lines of 66 kv and 
above. Ground rods are used in many cases to 
decrease the tower footing resistance, but where 
conditions are such that a reasonable number of 
ground rods fail to produce the desired low tower 
footing resistance, the trend is in the direction of 
installing counterpoises. Considerably more ex- 
perience will be required before operating data will 
show conclusively just how much benefit can be 
attributed to the use of ground rods and counter- 
poises, although the rather scattered and incomplete 
records so far available show that this method of 
controlling lightning on transmission lines is proving 
effective. 


Additional Ground Wires. Additional ground wires 
have been used to some extent in the higher voltage 
lines to shield the line wires. Ground wires have 
not been so extensively used in the lower voltage 
lines, that is, 33 kv.and below. In fact, one com- 
pany reports having removed them from all of 
their 25 kv system some years ago. In the high 
voltage field one or more ground wires seem to be 
general practice at the present time where a high 
grade of line performance is desired. 


Additional Insulators. While some attempt has 
been made to insulate lines more highly, the prac- 
tice has been confined in most cases to those lines 
which apparently, from present practice and stand- 
ards, were sub-normally insulated. There does not 
seem to be any trend, and in fact, no pronounced 
opinion that the overinsulation of a line is any cure 
at all for lightning flashover, although it may better 
the line performance to a limited degree. 


Use of Wood for Impulse Insulation. There is a 
strong trend at the present time among many com- 
panies operating wood pole lines to take advantage 
of the wood insulation to supply impulse strength. 
Where definite records are available, it appears that 
considerable benefit has been obtained by the use 
of wood, line outages being reduced in most cases 
and no apparent increase of damage to poles, cross- 
arms, insulators, or other equipment reported by 
any company, although there seems to be a possi- 
bility of more severe damage if the wood is not pro- 
tected (such as by suitable gaps). 


Grading Rings and Arcing Shields. The rings and 
shields are used more for protection against physical 
damage of the line than for minimizing lightning 
outages. Where fused grading shields have been 
used, the reports indicate that they are not in very 
high favor because of the necessity for replacement 
after each operation. 


Petersen Coils. One company, reporting its experi- 
ence, believes that the coils have done a very credit- 
able job. These coils appear to be effective prin- 
cipally in clearing system faults which are from 
phase to ground. Since they operate on ground 
current only they are not effective in the case of 
multi-phase faults. 


ELECTRICAL ENGINEERING 


| Permanent 
Magnet Materials 


Permanent magnet materials recently have 
been developed with characteristics radi- 
cally different from those of previous mate- 
rials, the carbon, cobalt, and chromium 
steels. In this paper, the essential proper- 
ties of these new materials are discussed 
and are compared with the corresponding 
properties of the older materials. De- 
velopment of these new materials has 
broadened the range of properties from 
which the designer may choose, and has 
made available high specific magnetic per- 
formance in the low price field. 


By 
Cc. S. WILLIAMS 


ASSOCIATE A.1.E.E. 


Westinghouse Elec. & Mfg. 
Co., E. Pittsburgh, Pa. 


Fo. some time following the discovery 
of cobalt magnet steel little change was evidenced 
in the field of permanent magnet materials, but dur- 
ing the past few years conditions have been altered 
by several new developments. The introduction of 
materials with magnetic and physical properties 
radically different from those with which engineers 
were familiar necessitates revision of the viewpoint 
acquired by long association with the properties 
available in older permanent magnet materials. It 
is the purpose of this paper to sift out the facts 
pertinent to the design and utilization of these new 
materials, and, without becoming involved in the 
metallurgical processes necessary to the production 
of finished magnets, to show the essential properties 
of the new materials as compared among themselves 
and with representative materials of the older group. 
By a comparison of characteristics it is hoped that 
users of permanent magnets may gain a better per- 
spective of the capabilities and limitations of the 
materials now available. 

Development of these new permanent magnet 
materials has broadened considerably the range of 
properties from which the designer may choose, and 
provides unique properties which were not pre- 
viously available. With the introduction of these 
materials, high specific magnetic performance be- 
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comes available in the low cost field. Nickel- 
aluminum-iron alloys and certain combinations of 
oxides of iron and cobalt provide a new standard of 
performance in respect to weight. These 2 materials 
have relatively poor mechanical properties; but 
with work on them continuing, substantial improve- 
ments may be anticipated. 


Four Types oF MATERIALS DISCUSSED 


Although the list of recently developed materials 
is a long one, for the purposes of this discussion only 
those showing most promise of succeeding to prac- 
tical usage are included. Four materials are placed 
in this classification: the nickel-aluminum-iron 
alloys, described by Mishima, Koster, and others ;'~° 
cobalt-molybdenum-iron alloys and cobailt-tungsten- 
iron alloys described by Késter, and by Seljesater 
and Rogers;’—!? a nonmetallic material composed of 
cobalt and iron oxides described by Kato and Takei.!? 
A fifth material, a cobalt-nickel-titanium-iron alloy 
described by Honda,‘ is reported to have interesting 
properties, but so little detailed information regard- 
ing this alloy is available that no discussion of it has 
been included. Because of conflicting evidence con- 
cerning the magnetic properties of these materials, 
all data used, with the exception of that concerning 
cobalt-tungsten steel, has been substantiated by 
work in the Westinghouse laboratories, and it is 
believed that the figures presented are conservative 
estimates of the capabilities of the materials. 

Determination of the fitness of a material for 
service in any particular application usually depends 
upon one or more of the following characteristics: . 
its magnetic properties, its physical properties, its 
economic status. The elements of this discussion 
will be segregated into groups corresponding to the 
items mentioned and will be considered in the same 
order. It is well to note that the relative importance 
of these items varies with the conditions surrounding 
each application and that it is the exceptional case 
that is decided solely upon the basis of one feature. 


MAGNETIC CHARACTERISTICS 


There is a definite flux density at which each 
permanent magnet material operates most efficiently. 
This is the induction at which the “‘energy product”’ 
is maximum, and deviation from this value results 
in a lowered ratio of output (energy in the external 
field maintained by the magnet) to volume of ma- 
terial. (The term “energy product” is an expres- 
sion indicating the product of the corresponding flux 
density and magnetomotive force at points on the 
demagnetization curve. This figure can be converted 
into potential energy external to the magnet ma- 
terial, by dividing by 8 r. The resulting quotient 
is in terms of ergs per cubic centimeter of magnet 
material.) Correlated with the flux density at 
which the energy product is maximum is the mag- 
netomotive force against which the magnet can 
maintain this flux density, and the service conditions 
required to cause both the operating flux density 
and the magnetomotive force to correspond to the 


optimum values must be met if the material is to be 
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utilized most efficiently. The higher the values of 
operating induction and magnetomotive force, the 
greater the energy capabilities and the smaller the 
volume of material required for a given duty. The 
values of operating inductions and magnetomotive 
forces usually may be inferred from the residual 
induction (B,) and the coercive force (/.), respec- 
tively. These latter terms are the commonly 
designated properties of a permanent magnet ma- 
terial. 

Among the older materials the highest coercive 
force was exhibited by 35 per cent cobalt steel with 
a value of 250 oersteds. The residual induction 
values extended from about 8,500 to 11,000 gausses, 
the latter being found in tungsten steel. With the 
introduction of the new materials, previous maxima 
were exceeded and materials now are available with 
coercive forces of 1,100 oersteds and others with 
residual inductions up to 13,500 gausses. A listing 
of the approximate ranges found in the new materials 
follows: 


Residual 


Range of Coercive Force, Induction, 

Material Alloying Elements Oersteds Gausses 
MORAL erty eos taks © shag socal! pe vise bivvesein 8s 300-1,100...... 6,000— 1,500 
Ni-Al-Fe...... 15-30% Ni, 8-15% Al...... 100— 600...... 8,000— 4,000 
Co-Mo-Fe . 2-12% Co, 10-19% Mo..... 30— 300...... 12,000— 8,000 
Co-W-Fe .....15-380% Co, 15-20% W...... 30— 150...... 13,500-—11,000 


Ni = nickel; Al = aluminum; Fe =iron; Co = cobalt; Mo = molybdenum; 


W = tungsten. 


Figures for the composition of the oxide magnet 
material were omitted from the preceding tabulation, 
because of the uncertainty of the actual values. It 
is probable that the components of the material in 
its final form differ from those used as the base of the 
material in relative proportions or even in actual 
composition. Oxygen variations can occur during 
heat treatment, either as addition or removal of 
oxygen from the body or as the transformation of 
one oxide form into another. The inventors have 
published a composition of approximately 16 per 
cent cobalt oxide (CoO), 34 per cent ferric oxide 
(Fe,0;), and 50 per cent ferroso ferric oxide (Fe;0;). It 
is of advantage from the cost standpoint to keep the 
cobalt content low, but materials of good magnetic 
properties are made more easily with somewhat 
higher cobalt contents. 

The wide ranges of coercive forces and residual 
inductions listed for each material are the results of 
modifications of composition and variations in heat 
treatment. It is generally true that in the range of 
properties available in a given material, the extreme 
values of coercive force or residual induction are 
accompanied by such a value of the complementary 
property as to result in a decreased energy product. 
Thus for each material there is some intermediate 
combination of properties that gives the maximum 
energy product. Itis interesting to note that despite 
the variety evidenced in coercive forces and in 
residual inductions, the energy products of the oxide, 
nickel-aluminum, and cobalt-molybdenum materials 
are all of the same order of magnitude as that of 
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Cr—Chromium steel 
Co-\W—Cobalt-tungsten-iron alloy 
35% Co—35 per cent cobalt steel 
Co-Mo—Cobalt-molybdenum-iron alloy 
Ni-Al—Nickel-aluminum-iron alloy 


Oxide—Cobalt and iron oxides 


INDUCTION (B), KILOGAUSSES 


) 

600 500 400 300 200 100 ) 
DEMAGNETIZING FORCE (H), OERSTEDS 

Fig. 1. Demagnetization curves for permanent 


magnet materials 


Intersections of the curves with the abscissa indicate the 
coercive forces (H.); with the ordinate, the residual induc- 
tions (Br) 


35 per cent cobalt steel. The magnetic properties of 
these intermediate materials together with those of 2 
of the older ones, chromium steel and 35 per cent 
cobalt steel, are shown in figure 1 by the demagnetiz- 
ing portions of their hysteresis loops. 

For the oxide and nickel-aluminum materials the 
limit of coercive force extends far beyond the 250 
oersteds found for cobalt steel. The coercive force 
is an indicator of the magnetomotive force against 
which a given magnet can operate; hence this 
property is of great importance where magnetic 
structures include large air gaps or where the magnet 
may be subjected to large demagnetizing forces in 
service. It should be noted that the high values of 
coercive force are gained at the expense of the 
residual induction, the effect being to reduce the 
optimum operating flux density and thus increase 
the necessary cross sectional area of the magnet. In 
the cobalt-tungsten alloy, coercive force has been 
sacrificed to achieve high residual induction and 
correspondingly high operating flux density. 

Because of the manner in which the magnetic 
properties are developed in the nickel-aluminum, 
cobalt-molybdenum, and cobalt-tungsten alloys, they 
suffer but little when subjected to high temperatures. 
This is a result of the relatively great constitutional 
stability of these materials when at or near room 
temperature. This is in contrast with the older 
carbon steels in which constitutional changes con- 
tinue over long periods of time, unless they are 
hastened by an increase in temperature for a short 
interval. Such artificial aging usually causes sub- 
stantial decreases in the magnetic potency of ma- 
terials so treated. 

The new and different magnetic properties of the 
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special alloys may introduce some difficulties in 
application, inasmuch as design or the geometry of 
magnets varies in accordance with the magnetic 
properties. Thus new and different properties re- 
quire new and different designs. The change in 
design is necessary because of the fact that the higher 
the magnetomotive force at which the material is 
capable of operating, the less the length of magnet 
required for a given duty. Likewise the lower the 
operating flux density, the greater the required cross 
sectional area of magnet. 

Figure 2 shows the relative lengths of magnets 
made of these materials when each magnet is to 
maintain the same external field. Figure 3 shows the 
cross sectional area of these same maguets. The 
lengths of magnet required for the oxide, nickel- 
aluminum, and cobalt-molybdenum materials are 
all less than for any of the older ones. This difference 
is especially pronounced when the new materials 
are compared with the 2 per cent chromium steel 
now so generally used. However, particularly for 
the oxide and the nickel-aluminum materials, the 
required cross sectional areas are much greater than 
for materials with lower coercive forces. 

These magnetic peculiarities must be kept in mind 
when designing the magnetic structures, else the 
magnet may be found to be working at a lowered 
efficiency or perhaps failing its purpose entirely. 
In general it is not permissible to substitute the new 
materials, shape for shape, for old ones in existing 
structures. There is one exception, in that the 
cobalt-molybdenum-iron alloy may have character- 
istics sufficiently similar to those of cobalt steel to 
permit these 2 materials to be used interchangeably 
in a given design with substantially equal efficiency. 
The old conception of the desirable shape for a mag- 
net, usually an elongated horseshoe, must be revised 
when contemplating the use of these new high 
coercivity materials. Instead of the elongated type 
of structure and the elaborately curved shapes 
which frequently were necessary to provide the 
needed length of magnet, the new structures are 
likely to be short bars—sometimes so short that the 
effective diameter is greater than the length. When 
cobalt steel was the only available high performance 
material, its high cost as compared with the other 
materials limited its use and thus made of it 2 special 


material. This made its use more carefully planned. 
Fig. 2. Relative Fig. 3. Relative 
lengths of per- cross _ sectional 
manent magnets areas of perman- 
for same total ent magnets for 
magnetomotive same total flux 
force 
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Now that the cost barrier to high performance 
material has been lowered (by these new materials, 
as will be discussed later) the widened field of use 
may bring tendencies toward less careful designing 
which would not be conducive to the proper display- 
ing of the good qualities of the materials. 

To digress somewhat, it may be appropriate to 
mention a condition often found in the testing of 
magnets to determine their suitability for commercial 
applications. Instances have been observed where 
the acceptance test for a magnet had little semblance 
of the actual working conditions. It is important 
that the test duplicate the working conditions as 
closely as possible. For example, if a magnet is to 
be used in a magnetic circuit that includes an air 
gap, this air gap or its equivalent should be included 
in the test circuit; otherwise the test may give 
misleading data. The strict adherence to an arbi- 
trary test not properly related to working conditions 
may result in magnets designed not for best perform- 
ance in service, but solely to meet the test—thus 
providing maximum performance under the test 
conditions, but condemning them to operation at 
considerably lowered efficiency during their useful 
lives. 


PHYSICAL CHARACTERISTICS 


The cobalt-molybdenum and _ cobalt-tungsten 
alloys can be machined and forged with no more 
difficulty than the tungsten and chromium magnet 
steels now in common use. 

Both the nickel-aluminum and the oxide materials 
have limitations imposed by their physical properties 
and by the procedures necessary to their fabrication. 
Contrary to the usual in permanent magnet ma- 
terials, the nickel-aluminum alloy has a coarse 
structure. It possesses no great mechanical strength, 
and it is very brittle. Neither forging nor machin- 
ing is possible with the types of alloy now available. 
This limits shaping methods to casting and grinding. 

The mechanical strength of the oxide material is 
lower than that of the nickel-aluminum alloy. It is 
made up of sintered compressed powders, and since 
the sintering is not carried to completion the finished 
material is mechanically weak; in fact, it might be 
termed fragile. This is especially true of the ex- 
tremely high coercivity materials, as the sintering 


Fig. 4. Relative 
weights of per- 
manent magnets 


for same magnetic 
performance 


For explanation of symbols see subcaption of figure 1 
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is less advanced in these than in those of lower 
coercivity. It is necessary to provide some protec- 
tion, such as a film of metal sprayed or plated on the 
surfaces. The powdered material is molded cold 
before the final sinter, and in this condition it can be 
carved into shapes for which no molds are available, 
but this is a delicate operation. Simple operations 
such as drilling may be carried out after the final 
sinter, if done with care. Magnetizing is accom- 
plished best at high temperatures. A temperature 
of 300 degrees centigrade is given by the inventors as 
one satisfactory for this process, but temperatures 
somewhat higher than this are not harmful. The 
orientation and location of the magnetic path through 
the magnet and the location of the poles on the sur- 
face are fixed during this treatment; therefore, 
specially devised methods for applying the magnetic 
field may have to be employed if the shape of the 
magnet is not simple. 

In some applications reduction of weight is a 
factor of major importance; for these the nickel- 
aluminum alloy and the oxide material possess prop- 
erties of interest. Both the nickel-aluminum alloy 
and the oxide material combine large energy prod- 
ucts with specific gravities that are lower than usual, 
both features tending to produce a high output from 
a small weight of material. The oxide material has 
a specific gravity but slightly greater than half that 
of cobalt steel; and since their energy capabilities 
on a volume basis are about equal, the oxide material 
has a phenomenally low weight for a given duty. 
The relations of the weights of materials required 
for the same magnetic performance are shown in 
figure 4. The oxide magnet has considerably less 
weight than the nickel-aluminum magnet and but 
1/, that of chromium steel. The nickel-aluminum 
alloy has a specific gravity about °/1) that of cobalt 
steel; hence it possesses a slight weight advantage 
over cobalt steel and a decided advantage over 
chromium steel. 

A feature unique to the oxide material is its high 
electrical resistivity. Whereas all other practical 
permanent magnet materials have electrical resistivi- 
ties expressed in microhms per centimeter cube, the 
resistivity of the oxide material, while varying with 
treatment, is of the order of thousands of ohms per 
centimeter cube. 


ECONOMIC STATUS 


However desirable the magnetic properties of a 
material may be, its economic status is an important 
factor in determining the extent to which it will be 
used. In determining relative desirability (from 
an economic standpoint) the criterion is the amount 
received for the amount expended; and since this 
discussion deals in terms of magnetic energy, 
neither the cost per unit of weight nor the cost per 
unit of volume is used, but the cost per unit of mag- 
netic performance, that is, the cost per unit of energy 
the material is capable of maintaining in its external 
field. This method of comparison as it is used 
herein does not take into consideration the relative 
sizes, shapes, or weights of the materials involved, 
but shows only the relative costs of materials for 
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magnets made of the different materials, each magnet 
being capable of doing the same work. As an ex- 
ample of the way in which this system of computation 
may function, one material may show such magnetic 
excellence as to require but half the weight of 
another material in performing the same service; 
but if the cost per pound of the first be twice that 
of the second, the cost per unit of magnetic per- 
formance would be identical. 

The relative costs of materials per unit of magnetic 
performance are shown in figure 5. When compar- 
ing cobalt steel with chromium steel it is found that 
although the energy product of the former is ap- 
proximately 4 times that of the latter, the cost per 
pound is about 6 times as much; hence the cost per 
unit of magnetic performance of the chromium steel 
is but ?/; that of the cobalt steel. In comparing 
the nickel-aluminum alloy with chromium steel, 
it is found that although the energy product of 
the nickel-aluminum alloy is 4 times that of chromium 
steel, the cost per pound is only double, making 
the cost per unit of magnetic performance of the 
nickel-aluminum alloy but half that of chromium 
steel. Thus there is a radical change in the economic 
picture. Prior to the introduction of these new 
materials the only material available for service 
where space or weight considerations were of im- 
portance was an expensive one, while now there are 
several materials of comparatively low cost ready to 
be utilized. 

It should be noted that the foregoing cost relation- 
ships apply only to the cost of material involved, 
that is, they do not include costs of fabricating, 
treating, etc. A comparison of the costs of finished 
magnets is difficult to make because of the entry of 
fabrication cost factors. The number of pieces to 
be made, complexity of form, and the amount and 
kind of machining to be done, all have an important 
bearing. Also a general comparison cannot be made 


Fig. 5. Relative 
costs of materials 
of permanent mag- 
nets for same mag- 
netic performance Ni-Al 
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because the use of the nickel-aluminum alloy and the 
oxide material would not be considered under cer- 
tain circumstances. Suffice it to say that for simple 
shapes which can be readily cast or molded, and 
where little machining and little mechanical strength 
are required, the cost of finished magnets should 
remain in the same order as in figure 5, but with less 
difference between the relative costs of magnets 
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made of the various materials than between the costs 
of materials only. Where these conditions are met 
and the number of units to be made is large, the cost 


ratio might assume the following order and value: 


With the cost of nickel-aluminum alloy magnets 
taken as 1.0, the relative cost of oxide magnets is 
estimated at 1.2; of chromium steel and cobalt- 
molybdenum alloy magnets at 1.5; cobalt steel 
magnets 2; and cobalt-tungsten alloy magnets 2.5. 
It should be realized that these figures apply to only 
one set of conditions and as such are not generally 
applicable. 
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Temperature distribution and heat flow in 
electrical conductors have been subjected 
to a mathematical analysis, which brings 
out a number of interesting thermal charac- 
teristics of conductors. The material pre- 
sented in this paper is divided into 2 prin- 
cipal parts, the first being a general solution 
of the problem of determining temperature 
and heat distribution in conductors, and the 
second containing the development of the 
theory of the electrothermic ammeter of the 
thermocouple type, together with its com- 
pensation features. Practical applications 
of the theory are presented. 


I. the year 1906, during an investi- 
gation of the thermal relations in instrument shunts, 
an analysis was made of the heat flow and tempera- 
ture distribution in the conductors, which led not only 
to improvements in shunt design, but also to the 
development of a novel form of electrothermic am- 
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meter,! and to extensions of the theory with further 
interesting applications. It has been suggested that 
this analysis would be of general interest, and for 
this reason it is published despite the lapse of time. 

In the investigation described in this paper it is 
assumed that the ends of a conductor of uniform 
cross section are connected to terminals to absorb the 
heat conducted to them from the conductor heated 
by a current passing through it, or by other means, 
such as radiant energy incident upon or emitted by 
it, uniformly distributed. The problem is to deter- 
mine the steady state temperature at any part of the 
conductor, and other thermal characteristics as 
applied to shunts and thermal instruments, and to 
develop the theory of the thermocouple ammeter 
and its compensation feature. The material con- 
tained in this paper may be summarized briefly as 
follows. 

The theory of the electrothermic ammeter of the 
thermocouple type and of the means for compensat- 
ing it for undesirable temperature effects are de- 
scribed. 

As a measure of current, use is made of the dif- 
ference in temperature between a point on the heating 
conductor and its terminals, produced by the flow of 
heat to the terminals through the conductor against 
its thermal resistance, which is analogous to measur- 
ing current by the difference of potential produced 
in a shunt by the flow of current through it against 
its electrical resistance. 


To compensate for effects of unequal terminal 
temperatures and variations in air temperature the 
cold ends of the couple are connected to the centers 
of compensating conductors thermally equivalent 
to the heating conductor, which are thermally con- 
nected at their ends to both terminals. 

To prove this: assume a conductor of length L, 
of uniform cross sectional area a, having a thermal 
conductivity k, and electrical resistivity p, connected 
between heat absorbing terminals at temperatures 
T, and T, above surrounding medium, heated uni- 
formly by an electric current or other means, at a 
rate of w watts per centimeter length as in a shunt, 
thermal ammeter, or other thermal instrument or 
device, cooled by conduction to the terminals and by 
convection at the rate of c¢ watts per centimeter 
length per degree temperature elevation above the 
cooling medium. Then the difference in temperature 
between the center of the conductor and the mean 
of the terminal temperatures is given by equation 
8 of this paper, namely: 


2 IG 
; T, + T2 v? cosh ie i 
( 2 Re Sipps Me 


In 
h Sass 
9 cos 5 


In may be considered as the angle in hy- 
(See appendix I for 


where n = (c/ak)'/2 . 
perbolic radians, subtended by the conductor. 
list of symbols.) 


When convection is zero, which is approximately 
the case in a thermally very short conductor, i. e., 
where lL is small, this reduces to the simple relation 
t, — (Ii + T2)/2 = v?/8kp, where v is the voltage 
drop across the conductor. 

In the compensated instrument, the compensating 
conductor may be considered as a special case of the 
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general equation given above by making v zero, by 
means of which the terms of the general equation 
containing terminal temperatures are eliminated, 
making the difference in temperature between the 
centers of the heating and compensating conductors, 
and consequently the indications, independent of 
variations in ambient and terminal temperature for 
any thermal length of the conductors. 

Equations are developed for determining tempera- 
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ture and heat distribution in a plurality of dif- 
ferent conductors in series; for determining the rate 
of heat transferred to the terminals; for computing 
the effect upon conductor temperature as the result 
of heat lost through attached thermocouples, par- 
ticularly in thermocrosses, etc. Practical applica- 
tions are given of the use of the equations to shunts, 
etc., and curves are plotted showing temperature 
and heat distribution for conductors subtending 
various hyperbolic angles, to facilitate computation. 


General Solution 


The most general problem under the assumed con- 
ditions is where the heat generated in the conductor 
is dissipated both by surface loss to the surrounding ~ 
air or other cooling medium, and by conduction 
lengthwise through its cross section to the terminals. 
This surface loss will be referred to in this paper as 
convection, for simplicity, although part is the re- 
sult of radiation, which is relatively small under the 
conditions. 

Newton’s law of cooling is assumed; that is, the 
rate of heat transfer by convection or the emissivity, 
is proportional to the difference in temperature be- 
tween the heated object and surrounding air. This 
is not strictly correct as it has been found experi- 
mentally to be more nearly proportional to the °/4 
power of this difference, but it is a sufficiently close 
approximation for the temperature differences used 
in measuring instruments. 

Figure 1 illustrates a uniform conductor of length 
L connected between terminals. The curve above 
the conductor shows the temperature distribution 
along the conductor and terminals. In this diagram 
and in the analysis which follows: 


c = heat dissipated by convection per degree elevation in tempera- 
ture above the cooling medium per unit time in unit length of 
conductor. : 

k = thermal conductivity of conductor. 

area of cross section of conductor. 

the rate at which heat is generated per unit length of conductor. 

This will be positive for generated heat or that absorbed by 

radiation, and negative for heat emitted by radiation. 


ge 
I il 


The positive direction for heat transfer is in the 
direction of increasing values of x. 


T; and T, = the temperature elevations above the surrounding air 
of the 2 terminals, respectively. 


Then at any distance x from terminal 7), the heat 
generated in dx per unit time is wdx, and the heat 
dissipated by convection is cédx per unit time. 

Therefore, the net heat rate available for transfer 
across dx is (w — c@)dx. 

Now, the rate at which heat conducted through the 
conductor at x per unit time varies across dx is 


d*6 
ak (=) dx. 


Equating these, 


d? 
ak (=) = —(w — c6) = (Gy 


_ The sign is negative for the reason that the direc- 
tion of heat flow relative to the positive direction of 
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: 


x at any point has a sign which is always opposite 
that of the gradient at that point. 


Multiplying both sides of this equation by 2a 
x 


_ and integrating, 


(2) 
To simplify, let 


c/ak = n? and w/c = 6 
therefore, 


w/ak = c/ak X w/c = no 


These values have a very useful physical sig- 
nificance which is apparent from their defining 
equations. 7 is the reciprocal of that length of the 
conductor which will dissipate as much heat by 
convection per degree of uniform temperature ele- 
vation above air, as it will conduct lengthwise 
through its cross section by a temperature drop of 
one degree uniformly distributed over this length; 
@ is the temperature elevation above the cooling 


- medium which the conductor would have if all the 


heat generated were dissipated by convection, that 


is, if none were conducted away. 


Substituting these values in equation 2 and after 
adding and subtracting ?; substituting A? for the 
2); : 

— — ); and reducing, 

n 


constant G - 


dx = (3) 


Integrating equation 3, there results, after re- 
ducing, 


6 — 6 


(4) 
A 


= — cosh (x + B)n 


where A and B are constants of integration. 

The constants A and B are determined from the 
known conditions that when x = 0, 6 = 74, and 
when x = L, 6 = Ty. Expanding cosh (x + B)n; 
applying the boundary conditions; and reducing: 


4 


taal ke — T;) sinh (L — x)n + (@ — T>) sinh = 
= 


sinh Ln (5) 

This is the general equation which gives the tem- 
perature at any point along a uniform conductor 
subject both to convection from or to its surface, 
and conduction through the conductor to or from the 
terminals, when heat is uniformly added to it or 
removed from it. It can be applied to the analysis, 
among others, of the following practical problems: 
(1) when heat is generated in the conductor by ai 
electric current, as in a shunt or thermocouple 
ammeter; (2) when heat is produced in the conductor 
by radiant energy from a higher temperature radia- 
tor, as in a radiation meter used to measure radiant 
flux; in both these cases 4 is positive; (3) when the 
heat is radiated from the conductor to a cooler 
medium, as in a radiation meter, itself radiating 
energy into space, in which 4% is negative; and (4) 
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where no heat is added to or taken from it, except 
that which takes place by convection, and by con- 
duction to or from the terminals; in all of which 
cases 0) = 0. BAY 
The quantity Ln, that is, L (c/ak)’? = 1%) 
= L/I», is a hyperbolic angle and represents the 
ratio of the actual length L of the conductor to that 
length which might be termed the unit of thermal 
length of the conductor Lo, the physical significance 


of which was given earlier in the paper. If L = Ly, 
Fig. 2. Temperature distribu- 

tion in a conductor between Ts 8 / tc? ate 
terminals, heated uniformly | AMBIENT 
by current or otherwise, and TEMP 
cooled only by conduction —~¥ 


to terminals 


then L may be said to subtend a hyperbolic angle of 
one hyperbolic radian. (For similar use of hyper- 
bolic angles in electric circuit problems, see refer- 
ence 2.) 


SPECIAL CASES 


In many practical cases, the temperature at the 
center of the conductor is the one most useful to 
know. 

This is obtained by making x = L/2 in equation 
DOL 
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Subtracting 


att from both sides of equation 6 


and rearranging, 
Ty + T> 1 2 
[+-"23)-[+- (8) a 
cosh ay 


This shows that the temperature at the center of 
a conductor connected to terminals of unequal tem- 
perature is the same as if the terminal temperatures 
were both equal to the mean of their temperatures. 


CONDUCTOR HEATED BY CURRENT 


Equation 7 can be put into more convenient form 
for this case by substituting for 6) its value in terms 
of the electrical constants of the conductor as fol- 
lows: 

By definition, % = w/c. Substituting for w, the 
watts generated per centimeter length, its value in 
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Fig. 3. Heat 
and tempera- 
ture ratios de- 
termined by 
’ the analysis 
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Curve A—Ratio of the heat conducted to the terminals from a 
conductor, uniformly heated, to the total heat generated 


Curve B—Ratio of the temperature above air of the center of a 

conductor cooled both by convection and conduction, to that 

which it would have if all heat were dissipated by conduction 
to the terminals 


terms of the voltage drop over the conductor 1; 
its length L; and its resistance Lp/a, where p is 
the resistivity of the material; and for c its value 
n’ak as defined, there results 


5 age Raia 1 
ie ake En? 


which when substituted in equation 7 gives 
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THERMALLY SHORT CONDUCTOR 


When the conductor is relatively so short or of so 
large a cross section that the heat dissipated by con- 
vection is negligible in comparison to that conducted 
away to the terminals, or if the convection factor c 
can be made negligible, then the temperature re- 
lations along the conductor can be determined from 
the oon equation 5 by making c = 0, which makes 
n= 0. 

Rearranging equation 5, substituting for 0 its 
value w/akn?, and letting y represent (L — x) for 
simplicity, 


w | sinh Ln — sinh yn — sinh xn | T; sinh yn + T, sinh xn 
= na : : 
ak n? sinh Ln sinh Ln | 
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When nu = 0, this reduces to an indeterminate 
form, to evaluate which, differentiate numerator and 
denominator with respect to n. This result also 
reduces to an indeterminate form and to evaluate it 
completely, it is necessary to make 2 additional 
differentiations, and after simplifying and replacing 
y by its value (L — x), it reduces to 


_w x(L — x) Ti(L — x) + In* 
‘ga, 


which is the temperature at any point along a con- 
ductor through which all heat is conducted and none 
lost from its surface to the surrounding medium. 


TEMPERATURE AT CENTER OF 
CONDUCTOR, FOR NO SURFACE Loss 


This is found by making x = L/2 in equation 9 
or 


w 7 Tee 
aaa) oad 


Substituting for w its value, 


T, + Tr v 
(. 2 ) ~ 8kp 
which shows that for a thermally short conductor the 
difference in temperature between the center of the 
conductor and the mean of the terminal tempera- 
ture, or either terminal if at equal temperatures, 
depends for any given material of constant thermal 
and electrical conductivities only on the voltage 
drop over the conductor, and is otherwise independ- 
ent of its length. The nature of the material enters 
simply as the ratio of its electrical to thermal re- 
sistivities. 
A very practical case is that in which the 2 
terminals have the same temperature 7) which when 
substituted in equation 9 gives 


2 
va 
a5 then 
Lp 


(10) 


v2 
(tg. — ars, (11) 
This equation can be deduced directly very simply 
by taking the center of the conductor as the origin 
of co-ordinates as shown in figure 2 where by sym- 
metry the temperature /, is a maximum and the 
temperature gradient do/dy = 0, and after a single 
integration and applying the boundary condition, 
there results: 


(12) 


Fig. 4. Simplest form of 
thermocouple ammeter, util- 
izing the temperature differ- 
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ammeter 


which shows that the distribution of temperature 
_along a conductor having no convection losses is 
parabolic. 
This reduces, for the center of the conductor and 
for terminal temperatures T>, to 
wl? v? 


oS Olea 


which is the same as equation 11. 


EFFECT PRODUCED BY CONVECTION LOSSES 


Upon comparing equations 8 and 10, it will be 
observed that if the average temperature of the 
terminals is equal to the air temperature, that is, if 
I, + T, = 0, then the temperature elevation of the 
center of a conductor, subject to both conduction 


Fig. 5. Method 
of compensating 
a thermocouple 
. for 
_ variations in ter- 
minal and am- 
bient tempera- 
tures 


and convection, can be obtained by multiplying the 
corresponding temperature, which the conductor 
would have if convection were negligible, by the 
factor 


This factor is shown plotted for various values of 
Ln in the curve in figure 3. 


HEAT CONDUCTED TO TERMINALS 


The rate at which heat is conducted through any 
: Ge, 
part of the conductor is —ak oy where —— is the 
dx ax 


temperature gradient at that point. The negative 
sign indicates the physical fact that the sign of the 
direction of heat flow is opposite that of the tempera- 
ture gradient; the positive direction being that cor- 
responding with increasing values of x. _ 

The temperature gradient at any point is found by 
differentiating equation 5 with respect to x, or 


dé lee — T;) cosh (ZL — x)n — (4 — T2) cosh “| (13) 
ie 
dx sinh Ln 


Then the temperature gradient at the first terminal 
is found by making x = 0 in equation 13, or 


Z| he — T;) cosh Ln — (% — =| 
=n 
x=0 


bs (14) 
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Likewise the gradient at the second terminal, by 
making x = L, is 


do - (00 — T1) — (0. — T2) cosh Ln 
dx, nee sinh Ln 


The rate of heat transfer in the positive direction, 
from terminal 7, to the conductor, is 


(15) 


and in the positive direction from the conductor to 
the terminal 7% is 


The combined net rate of heat transfer to both 
terminals is then the difference between the rate of 
heat transfer from the conductor to the terminal 7» 
and the rate of heat transfer from terminal 7, to 
the conductor, or 


dé do 
Hy =|) — ak — —| —ak — 
dx ee dx en 


Note that the signs take care of the actual direc- 
tion of heat flow, which is usually negative at 7}. 

Substituting values from equations 14 and 15, 
there results, after collecting terms and reducing, 


if T: L 
nnaate[n-(5%)] (om) 


Now, (71 + T>2)/2 is the mean temperature of the 
terminals, and for simplification let this be called T) 

oD) 
nak 
be substituted. Then the ratio of the heat absorbed 
by the terminals to the total heat generated H = wL, 
is 


Hi 2 4 In 
— =|— — 2akn Ty | tanh — 
H In 2 


(16) 


and further, for 6) let its value = = by definition 


(17) 


If 7) is zero or negligible, which is a practical con- 
dition, then equation 17 reduces to 


in 
tanh — 
Hi, he 2 as 
Tél In ) 
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The ratio of the combined rate at which heat is 
transferred to the terminals to the total rate gener- 
ated, for negligible terminal temperature elevation, 
for various values of Ln, as deduced by equation 18 
is shown in figure 3. 


Electrothermic Ammeters 


Electrothermic ammeters in use before the develop- 
ment of the thermocouple type, described herein- 
after, were of the hot wire expansion type. In the 
latter the conductors were designed to minimize as 
much as possible the effect of the terminals upon the 
conductor temperature, by making the conductors 
thermally long. In the thermocouple type the 
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Fig. 6. The heating element of a commercial form of 
compensated thermocouple ammeter 


terminal effect is purposely utilized by making the 
conductor so short thermally that most of the heat 
generated in it is conducted through it to the ter- 
minals. As a result the conductor temperature is 
based upon the terminal temperature rather than 
upon that of the surrounding air. 

The instrument is designed to utilize as the 
measure of current, the difference in temperature 
between a point on the heated conductor and the 
terminals, produced by the rate of heat flow through 
the conductor against its thermal resistance. This 
is analogous to the measurement of current by means 
of a shunt in which use is made of the difference of 
potential produced by the passage of the current 
through it against its electrical resistance. 

This feature permits the use of a very short heat- 
ing conductor of small mass, resulting in very re- 
sponsive indications, low electrical resistance and 
power consumption, and a minimum skin effect 
error. 

Another feature in this instrument is the method 
for compensating for the effects of variations in air 
temperature and for differences in the terminal tem- 
peratures for conductors of any thermal length. 


THERMOCOUPLE AMMETER (SIMPLEST Form) 


The use of a thermally very short heating con- 
ductor provides the simplest form of the type of 
thermocouple ammeter which resulted from this 
investigation. 

Putting equation 11 into the following form 


92 T2R2 
2 
LO re ge a, (19) 


where Kk is the resistance of the conductor and J the 
current through it to be measured, it is found that 
the equation shows that the difference in temperature 
between the center of the conductor and the termi- 
nals is proportional to the square of the current and, 
therefore, a measure of its effective value. Figure 4 
is a diagrammatic sketch illustrating such an am- 
meter, using a sensitive indicating instrument con- 
nected to measure the thermo-electromotive force 
developed in a thermocouple which has its hot junc- 
tion thermally connected to the heating conductor 
and its cold junction thermally connected to a 
terminal through a thin electrical insulator. The 
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instrument indication is proportional to the tempera- 
ture difference, but may be calibrated in amperes. 


THERMOCOUPLE AMMETER (COMPENSATED Form) 


In any conductor regardless of its length, some of 
the heat generated in it is dissipated by convection 
as well as by conduction. Therefore, to determine 
how and to what extent this affects the accuracy of 
thermal instruments, and to provide means for com- 
pensating undesirable effects, it is necessary to con- 
sider both forms of heat dissipation. 

Using equation 8 which applies to these conditions, 
and substituting [?R? for v?, there is obtained 


1 
Dy) ae Ln 
ed T + T» Sy T?R? cosh Dy = 
f 2 ~ 8kp oie . 
Ln \? 
2 
Ln (20) 


h — 
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This shows that the difference in temperature 
between the center of the conductor and the terminals 
is in general not an exact measure of the current J, 
on account of the effect of the temperature elevation _ 
of the terminals, as shown in the last term of the — 
equation, which should be compensated. 

Figure 5 shows how this compensation is accom- 
plished. H is the heating conductor connected be- 
tween terminals, having a length L and a thermal 
constant ”. Let cand c be 2 conductors each having 
corresponding constants L; and m, such that Ln = 
Lym, and also thermally connected to the 2 terminals 
through thin electrical insulators 71. 

The compensating conductors may be of the same 
material as the heater or of other materials or of a 
different length, so long as Lim, that is, Li Ga 

vy 
is the same as the corresponding values for the 
heating conductor. 

A thermocouple has its hot junction connected to 
the center of the heating conductor, and its cold 
junctions to the center of each of the compensating 
conductors, which in turn are connected to an indi- 
cating instrument. Two conductors are used to 
simplify these connections. 

The instrument will then give an indication pro- 
portional to the difference in temperature (f, — t,’) 
between the centers of the heating and compensating 
conductors, and it will be shown that this is a true 
measure of the effective value of the current passing 
through the heating conductor, independent of 
either the air or terminal temperatures. 

To find the temperature difference between the 
center of the compensating conductors and terminals 
it is only necessary to make J = 0 in equation 20 
and note that ¢, becomes t’,; then 


ib; 
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Subtracting equation 21 from equation 20, there 
is obtained 


Skp (22) 


i 


_ which, since I is the only variable in the equation, 


proves that the auxiliary conductors actually com- 
pensate for the effect of the temperatures of the 
terminals, whether they be equal or different, and for 
the effect of variations in temperature of the sur- 
rounding air. 

If the compensating and heating conductors are 
made of unequal length or mass as shown, then, 
by making Ln = Lym, they are thermally equivalent 
in all respects except heat capacity. That is, they 
can compensate exactly for steady state conditions 
but not for transients. To compensate for both it is 
necessary that the product of the mass and specific 
heat be the same for both. This latter condition is 
rarely necessary in practice, as the external and other 
disturbing temperature changes take place slowly. 

The correctness of this result may be seen by 
purely physical reasoning. If the heating and com- 
pensating conductors are made thermally equivalent, 
then, since they are subject to the same conditions 
relative to terminals and surrounding air, they will 
be affected exactly alike. Therefore, the tempera- 
tures at their centers will always be equal as far as 
terminal and air effects are concerned. Any dif- 


- ference in temperature will then be the result of the 


current to be measured only. 

For precise measurements it is of course necessary 
to mount the heating element in such a position that 
‘the heated air currents rising from the heated con- 
ductor do not impinge upon the compensating con- 
ductors, otherwise the 2 sets of conductors would 
not have the same ambient temperature and exact 
compensation could not be attained. 

This is accomplished by placing the element 
horizontally and so mounted that the heating and 
compensating conductors are not one directly above 
the other in the same vertical plane. 

Figure 6 illustrates a commercial form of the com- 
pensated thermocouple ammeter. The element as 
shown has a 50 ampere capacity and a voltage drop 
over the heater conductor of about 150 millivolts for 
full current for low frequencies. 

The compensating conductors, bridging across the 
heating element, act as a shunted capacitance across 
the element, but in the lowest range instruments 
where shunted capacitance would cause greatest 


' 
Fig. 7. Tem- e TO aes 
is- Ley AMBIENT 
perature dis 4 BIEN 
tribution in a : eqns 
conductor con- a... ip 
Lyn LoNo 


sisting of 2 dif- 

ferent metals or alloys, heated by a current or otherwise, 

as in an electrothermic ammeter in which the thermocouple 
is used also as the heating conductor 
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Fig. 8. Method of compensating for variations 
in terminal and ambient temperatures in an electro- 
thermic ammeter in which the thermocouple is also 


used as the heat- 
— 


ing conductor 


errors it is about 2.5 micromicrofarads, which re- 
sults in negligible errors for frequencies up to 50 or 
100 megacycles. 

From the similarity of equation 22 to equation 19 
for the condition with no convection, it will be noted 
that the effect of convection losses upon the dif- 
ference in temperature used as the measure of the 
current, is merely to multiply the difference obtained 


2)22 
es , by the factor 


without convection losses, namely, or 


elie a Ln 
cosh — 
2 
Ln \? 
Gi 
which is a thermal constant of the conductor, re- 
gardless of terminal temperatures. 

To illustrate the effect of convection losses, the 
values of this factor for various values of Lz are 
plotted in curve B in figure 3. 

The ordinates are the values of the temperature 
difference where both convection and conduction 


are acting, relative to those values for the condition 
of conduction only, for various values of Lu. 


CASE OF CONDUCTOR IN 2 PARTS 


In bridge type electrothermic ammeters and some 
forms of radiation meters the heating conductor is 
made of 2 materials forming also a thermocouple as 
shown in figure 7, the hot junction being at the point 
where the 2 conductors are joined. 


GENERAL SOLUTION 


Each of these 2 conductors may be considered as a 
conductor between terminals, the temperatures of 
which are 7), ¢ and ¢,, T2, respectively. Therefore, 
the general equation, 5, applies to each if the proper 
constants are used. 

Let the constants of the conductors be Ly, a, ki, G4, 
m, and Le, de, ke, C2, M2, respectively. 

To combine the equations of the 2 conductors and 
determine the temperature ¢, of the junction it is 
only necessary to consider the feature common to 
both conductors, namely the rate of heat transfer 
across the junction. It is obvious that whatever 
heat leaves one conductor at the junction enters 
the other conductor and, therefore, they may be 


equated, or 
| 
dx |.» = 


dé 
ayki | es = doke 
In the general equation 13, for the temperature 
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AMBIENT 
TEMP 


Fig. 9. Effect upon the temperature distribution in 
a conductor produced by the heat conducted away 
through a couple or other conductor attached to it 


gradient, multiplying by ak; and substituting m, 
6,', L, and ¢, for n, 6, L and TJ», respectively, and 
making x’ = Jy, the following equation is obtained: 


cay 0’ — Ti) — (00’ — t&) cosh L 
ark, — = akin [ ¢ s 1) AN 0 <) COs 1m (23) 
dx ix’ =D [ sinh Lyn 


For the second conductor make corresponding 
changes but make x” = 0, and there is obtained 


ak a8 } (8)’ — t¢) cosh Lon, — (0” — To) 
og = aykyny 
*g dx a0 seis sinh Lon, (24) 


As stated above these heat rates are equal; 
therefore, equating 23 and 24 and after rearranging 
terms and remembering that akyn,? = c, and ak yn.” 


= ¢, and that 6)’ = = and 0) = = there results: 
1 2 


Wi cosh Lyn; — 1 w.| cosh Lon, — 1 

nN sinh Lyn, a Ny sinh Lyn, 3 
61 | te cosh Lyn; — Ty C2 | te cosh Len. — To 
Ny sinh Iyn, a Ne sinh Lyn ; 


Rearranging to separate f;, 


Ci T, 7 Co T> 
. m sinh Lyn, no sinh Lyn, 
¢ C1 cosh Lyn, 


C2 cosh Inn» 
mn. sinh Lyn. 


w,| cosh Lym, — 1 We} cosh Lon, — 1 
Al sinh Lyn, | By =f sinh Lon, | 
C1 ea Al oe ie a 
m| sinh Lym | mm] sinh Lyny 
This is the general equation for 2 conductors con- 
nected in series between terminals. A very practical 


nN sinh Lyn 


(25) 
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case is that in which Lim, = Lom = Lyn, that ist 
when the 2 conductors are made thermally equiva- | 
lent. Then equation 25 becomes 


T (oni ly w Ww. cosh Ln — 1 
i fe a (= +2) cosh Ln 
i, -| —m__™ | = Mh 4A (26) 
: Cc 
(2 + “) cosh Ln (2 a 2) 
ny Ny ny Ny 


And further if 7; = T:. = To which is frequent in 
practice for this type of instrument, then, after | 
making these substitutions and subtracting To from _ 
both sides, there is obtained, after rearranging, 


Wi W2 
ee | 1 
Het tae (:- ) 


C1 C2 cosh Lun 
eS + = 
Ny Nz 


Comparing this equation with equation 7 for a 
homogeneous conductor, it shows that, for 2 dif- 
ferent conductors having equal values of Ln con- 
nected in series between terminals having the same 
temperature, the same difference in temperature 
between the junction and terminals exists as for a 
uniform conductor between its center and its termi- 
nal, having a hyperbolic angle of 2 Ln, and a tem- 
perature constant 


(t¢ — To) = (27) 


W, W2 
Ny Ny 
0 = ——— 
Cj C2 
N Ny 


COMPENSATING COMBINED 
HEATING AND THERMOCOUPLE CONDUCTORS 


Electrothermic ammeters and radiation meters, 
having heating conductors consisting of 2 parts of 
different metals or alloys in series to form at the 
same time a thermocouple, are affected by changes 
in the temperature of the surrounding air, and of its 
terminals, in a manner similar to uniform conductors 
and can be compensated in a similar manner. 

In equation 26 subtract from each side the terminal 
function 


a a 
Ny N2 


Cy (a) 
= a eS 
Ny ne 


and after rearranging there is obtained, 


aly 212 Wy, W2 aly C2T > 
+ + 
mM n2 ny n2 nm ne 
ee eh i 
C1 C2 C1 C2 C1 Ce cosh Ln 
= 4° + + 
m = Ne m Mm = Ne (28) 


Now, if an auxiliary conductor, made exactly like 
the heating conductor but so connected that the 
thermo-electromotive force produced by it opposes 
that of the latter conductor, is thermally connected 
to but electrically insulated from the terminals, as 
shown in figure 8, then, just as for the single uniform 
conductor, the difference in temperature between 
junction points of the heating and auxiliary con- 
ductors is entirely independent of changes in tem- 
perature of the terminals or of the surrounding air. 
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This is shown by using the general equation, 28, 


and making w, and we, the heat generated in the 
auxiliary conductors, zero; then, since the cor- 
responding values of L, n, and Ln, of the 2 sets of 

conductors are equal, by construction, and calling 
the temperature at the junction of the auxiliary 
conductor #,’, it follows that 


4 as bee 4 aks 
en ue 


rhe N» 1 it 
: | at C2 cosh Ln 


W We 
i a 1 
te — te’) =| ——— | (1 
( ) E M C2 ( cosh =) 29) 
Ny Ny 
which proves the statement made above. This 


equation has the same form as that obtained in a 
similar manner from equation 7 for a single homo- 
geneous conductor; the quantity 


in equation 29 corresponds to the temperature 4 
in equation 7. 


EFFECT OF HEAT CONDUCTED AWAY 
THROUGH A COUPLE OR OTHER CONDUCTOR 


Referring to figure 9, assume for simplicity that all 
terminals have the same temperature elevation 7, 
above the surrounding air, and that the character- 
istics of the 2 halves of the heating and thermocouple 
conductors are equal, respectively, that is, Lim 
In and Lyng = Lint. 

As a result of symmetry it is only necessary to 
examine one half, L and L, of the 2 conductors, and 
the junction may be treated as the second heat 
absorbing terminal at a temperature elevation 4, 
corresponding to 72 in the general equations. 

The temperature gradient at the junction /, is 
obtained by making x = L in equation 13 and re- 
placing T by ¢., 


dé E — te) cosh Ln — (4 — 25 
=-—n 


oe 30 
dx sinh Ln Ge) 


The rate at which heat is transferred HO the 
. ap 
heater to the couple conductor at t, is — ak He 


Now the couple wire can be considered as a heating 
conductor in which the heat generated is zero, that 
is, 6 = 0 so that the gradient along L, can be deter- 
mined by placing % = 0 in equation 13; substituting 
Line for Ln; t, for T1; and T; for 72; then the 
gradient at f, in the couple conductor at the junction 
where x’ = O is 


tz cosh Len, — Ti 
aie sinh Len, 


January 1936 


(31) 


dx’ 


and the rate at which heat is conducted away from 
the junction ¢, by the couple conductor is then 
do 
“dx! 

Since the 2 expressions (equations 30 and 31) 
represent the heat flow at the same point, they are 
equal, that is 


—a,k 


akn 
anbeee [( — t.) cosh Ln — (6 — Ti)] ae 
a-RNn¢ 
sinh aa [t, cosh Lyng — Tx) (32) 


To simplify this equation, assume 7; = 0, which is 
usually the case approximately for the construction 


Cc 
9° 
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Fig. 10. Con- 
vection loss in 
air from thin 
flat strips of 
various widths, 
supported hori- 
zontally, and 
lying in the 
vertical plane, 
in watts per 
centimeter 
length per de- 
gree centi- 
grade above 
air tempera- 
ture. Average 
for 100 de- 
grees centi- 
grade 
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under consideration, and designate the 2 constant 
coefficients as M and N, respectively, and solve for 
t,, then 


- M6 (cosh Ln — 1) 
~ M cosh Ln + N cosh L,n, 


te (33) 

Now, when no couple conductor is connected to 
the heating conductor, the temperature of its 
center f) is found by making N = 0 in equation 33, 
then 


cosh al 
The ratio of these 2 temperatures is then 


bo M cosh Ln 
to ~ M cosh Ln + N cosh L,n, 


(34) 


which is the ratio of the temperature elevation as 
diminished by the presence of the couple, to that 
which it would have if no couple had been attached. 

The interesting case is when the couple wires 
have the same length as the heater and the same 
constants a, k, n, etc., which makes M = N, and 
Ln = Len. 

Making these substitutions, then t./t) = 1/2, that 
is, the temperature of the center of the heater above 
the surrounding air is reduced to 1/,. that which it 
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Fig. 11. Con- 
vection loss in 
air from round 
wires, sup- 
ported _hori- 
zontally, in 
watts per centi- 
meter length 
perdegreecen- 
tigrade above 
air tempera- 
ture. Average 
for 100 de- 
grees _—centi- 

grade 
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would be if no couple were connected, when couple 
and heater are thermally equivalent, as is usually 
the case in the so-called thermo-cross for measure- 
ments of small currents. 


HEAT CONDUCTED TO 
TERMINALS IN A THERMO-CROSS 


The temperature gradient in the heater wire of 
length L from terminal 7, to the couple junction in 
figure 9 is found by differentiating equation 5 as 
given in equation 13 and substituting ¢, for 7». 
Then the heat transferred to the heater terminal is 


E — te) — (60 — T1) cosh | 
= akn 


sinh Ln 


ix = 0 ie 


Assume the terminal to be at air temperature; 
Phas, cne—) 0.0 “Then 


(35) 


Fe ei O(1 — see Ln) — t, 
sinh Ln 


From equation 33 it is deduced that 


_ 6o(cosh Ln — 1) 
4 2 cosh Ln 


since MM = N, by assuming that the conductors of 
heater and couple in the thermo-cross are equal in 
length and thermally equivalent. 

Substituting for % in equation 35 its value, the 
following equation results: 


—1 
(1 — cosh Ln) — (ae) 


Hy, = akn6 2 cosh Ln 


sinh Ln 


Rearranging, and collecting terms, 


knd L 
Ai oe E S + tanh tn | (36) 
The rate of heat transfer from cach couple wire to 
; ; ; dé 
its terminal is H, = —ak Foe when x’ = L, and is 
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found by changing 7; to ¢,, and 7; to 7; and also 
making 0) = 0 in equation 13, since the origin of 
co-ordinates for the couple is at the thermojunction 
having a temperature &.. 

Further, assume the terminals are at air tempera- 
ture, that is) 7, = 0: 

Then, 


te 
H = 
s ake | sinh =| 


Now, from equation 33, 


a 69 (cosh Ln — 1) 
nk 2 cosh Ln 
Substituting and reducing, 


Ln 
akn@ | tanh Ge 


c= 


(37) 


cosh Ln 


The combined rate at which heat is conducted 
from the heater and the couple to their terminals 
is then 


In 
IG tate 
Hy =F (Fy nara ttaale a anh Pie ae 
cosh Ln 
Combining terms and simplifying, 
Hy, = akn6, tanh Ln (38) 


It is interesting to note, by referring to equation 16, 
that the combined heat dissipated by conduction to 
the terminals in a symmetrical thermo-cross is the 
same as it would have been had no couple been at- 
tached, remembering that L in the thermo-cross is 
1/, the total length between terminals. 


Practical Applications 


SHUNTS WITH THERMALLY SHORT CONDUCTORS 


In shunts having very. short conductors, or con- 
ductors from which the proportion of the heat lost 
by convection is relatively very small, the tempera- 
ture relations can be computed by equations 9 to 
12: 

For example, consider an ordinary 50 millivolt 
shunt having a number of short manganin strips 
placed close together with negligible air cooling. 

k = thermal conductivity = 


degree centigrade 
p = resistivity = 47 X 1076 ohm per centimeter cube 


0.20 watt per centimeter cube per 


Then the temperature difference between the 
center of the conductors and either terminal if they 
have equal temperatures, or their mean temperature 
if different, is, by equation 11, 


Les (0.050)? 
Sko 8X02 X47 X 10-8 


(t; — TM) = = 33.2 degrees centigrade 


This is the maximum elevation in temperature, 


under the assumed conditions, above that of the 
terminals, in a manganin conductor connected be- 
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tween them, carrying a direct current of a magnitude 
to produce a drop of 50 millivolts between terminals, 
‘regardless of the length of the conductor. 


SHUNT WITH A THERMALLY LONG ConpucTOR 


Assume again a 50 millivolt shunt having a single 
manganin conductor mounted with the conductor 
in the vertical plane for maximum cooling, and let it 
have the following constants: 


L 


length = 10 centimeters 

width = 1 centimeter 

thickness = 0.5 millimeter 

= resistivity = 47 X 1076 ohm per centimeter cube 

= thermal conductivity = 0.2 watt per centimeter cube per de- 
gree centigrade 

convection loss per centimeter length = 0.00375 watt; watt from 
figure 10 

@ = cross sectional area = 0.05 square centimeter 


Q wD 


ll 


As shown in equation 8 the temperature relations 
depend upon the value of the hyperbolic angle Ln 
subtended by the conductor, or 


See Jo PAE er ee 
n= — = WS ee = i Tr 
| ob 0.05 x 0.2 yperbolic radians 


Now, in figure 3, in which curves A and B are 
computed from equations 18 and 8, respectively, 
curve A shows that for an angle of 6.1 hyperbolic 
radians, 33 per cent of the heat is conducted to the 
terminals when they are at air temperature; and 
curve 6, that the center of the conductor has a 
temperature elevation above that of the terminals 
equal to 20 per cent of the value it would have if 
there were no air cooling, that is, 20 per cent of 
33.2 degrees centigrade found above for a conductor 
with no convection, or 6.6 degrees centigrade. Thus 
the air cooling in such a shunt causes a depression in 
the temperature of 26.6 degrees centigrade. 

Convection losses for conductors of greater widths 
than about 1.5 inches, directly exposed to air, may be 
computed by using a convection constant of 0.0011 
watt per square centimeter per degree centigrade. 
For narrower strips and for wires, the effective cooling 
area becomes increasingly larger than the actual super- 
ficial area, and data for these are given in figures 10 
and 11, respectively. 

These values, of course, apply only to single con- 
ductors with no other bodies nearby to prevent free 
circulation of air. 

When 2 or more strips are used, placed relatively 
close together, the cooling effect is very much reduced 
and as the number increases, it becomes practically 
negligible relative to the amount of heat generated. 

In the illustration given above, with a single long 
strip freely exposed to the air, the air cooling of the 
conductor accounted for 67 per cent of the total 
cooling. ; ; 

In ordinary 50 millivolt commercial high range 
shunts with multiple strips, which are relatively short 
thermally, usually much less than 10 per cent of the 
heat is dissipated from the strips by air cooling, the 
remainder being conducted to the terminals and 
then to the bus bars. Shunts as usually constructed, 
therefore, are not self-cooling, but depend upon 
proper bus bar construction for this purpose. Mul- 
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tiple strips are used in shunts rather than single 
conductors, not primarily for cooling purposes, but 
for mechanical reasons, to make a more perfect 
contact between the entire cross section of the 
conductor and the terminal than would be possible 
with a single conductor. 


THERMAL CONDUCTIVITY 


Equation 11 can be used to determine the thermal 
conductivity of a material.’ 

The material is made into a conductor, thermally 
short, of uniform cross section and connected between 
2 relatively massive terminals. 

From its measured length and cross section, and its 
resistance as determined by the drop across it pro- 
duced by a known current, its resistivity p in ohms 
per centimeter cube can be computed. 

Then the temperature difference (¢, — To) between 
the center of the conductor and a terminal produced 
by a known voltage drop v in volts is measured, 
preferably by means of a calibrated thermocouple. 

Then rearranging equation 11, the thermal con- 
ductivity in watts per degree per centimeter cube is 
obtained: 


y2 


—— 
8p(t, or To) 


Appendix I—List a Symbols 


cross sectional area of conductor, square centimeters 
rate of heat dissipated by surface loss per unit length 
of conductor per degree temperature elevation above 
cooling medium (watts per centimeter per 1 degree 
centigrade). This surface loss results from convec- 
tion and radiation, but since the radiation under 
the circumstances is very small relative to convec- 
tion losses, the total loss will be designated convec- 
tion for simplicity. 


a 
oul 


Hy; = rate at which heat is transferred to terminals (watts) 
k = thermal conductivity of conductor (watts per centi- 
meter cube per 1 degree centigrade) 
L, Iy, ete. = lengths of conductors 
n = (c/ak)'2 = hyperbolic radians per unit length of 
conductor 
R = resistance of conductors, ohms 
tc, t’c, etc. = temperatures at centers of conductors above am- 
bient temperature 
T, and 7; = temperatures of terminals above ambient tempera- 


ture 

voltage drop over conductor, volts 

rate of heat generated per unit length of conductor, 
watts per centimeter 

distance from terminal T; to any point on conductor 


e 
il 


W, Wi, We. ete. 


e 
oll 


distance from the center of the conductor to any 
other point 

p = electrical resistivity of conductor, ohms per centi+ 
meter cube 

@ = temperature of any part of conductor above ambient 
temperature 

90, 0’, 8” = temperature elevation of conductors if no cooling by 
conduction occurred 
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High Power 


Audio Transformers 


A brief outline of the essential characteristics 
of high power audio transformers for class B 
amplification (tubes connected in push-pull 
fashion with their grid voltages of such 
value that the anode current is zero when 
there is no signal) is given here together 
with a brief description of the units used in 
the third and fourth stages of radiobroad- 
cast station WLW. 


By 
J. F. PETERS Westinghouse Elec. and Mfg. 
FELLOW A.1.E.E. Co., East Pittsburgh, Pa. 


hic: POWER audio transformers 
do not differ materially from large transformers for 
converting power at 60 cycles. They differ princi- 
pally in physical proportions of copper and iron, and 
require greater care in minimizing the internal 
distributed capacitance. 

Since an audio transformer must operate over a 
wide range of frequencies and be capable of handling 
the full output at any one frequency or any combina- 
tion of frequencies, the problem of obtaining suf- 
ficiently low leakage reactance and sufficiently low 
magnetizing current is the reason for making the 
proportions different from those of transformers for 
use at commercial power frequencies. The leakage 
reactance must be made sufficiently low to give good 
performance at high frequency, and the magnetizing 
current must be made sufficiently low to give good 
performance at the low frequency end of the range. 
To produce sufficiently low reactance to give satis- 
factory operation at high frequencies requires using 
a small number of turns for a given voltage, which 
results in a magnetic circuit of relatively large cross 
section. To obtain sufficiently low magnetizing 
current at low frequencies still further increases the 
cross section of the magnetic circuit. 

These transformers are supplied by tubes that pass 
current in only one direction, and generally it is not 
possible to maintain a perfect balance between the 
2 tubes supplying the alternate half cycles. This 
results in the equivalent of a direct current flowing 
through the primary winding. In order to prevent 
the unbalance of current from producing a heavy 
biased magnetic flux in the core, air gaps were pro- 
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vided in the units described later in this paper. Al- 
though air gaps in the core increase the alternating 
magnetizing current, they make it possible to design 
the core and coils so that the iron does not become 
saturated and produce harmonics in the magnetizing 
current. 

The effective resistance of the windings of these 
transformers is low, first, because of the relatively 
small number of turns resulting in a small number of 
ampere-turns and therefore low-density leakage 
magnetic field cutting the conductors; and second, 


Po 


Fig. 1. Schematic diagram showing arrangement of 
windings in 180 kw fourth stage transformers 


P and S designate primary and secondary windings, respectively 


Fig. 2. One of 
the 180 kw fourth 
stage transformers 
out of its case 


because the 
conductors are 
made of small 
dimensions in 
the direction at 
right angles to 
the flux lines, 
thus resulting 
in a low ratio 
between high 
frequency _re- 
sistance and 
low frequency 
resistance. 

In producing 
the total out- 
put for radio- 
broadcast sta- 
tion WLW, 4 
stages of ampli- 
fication are re- 
quired. Only the last 2 stages are described here, 
the first 2 stages being of quite small output. In 
determining the maximum permissible reactance for 
each of the last 2 stages, the total permissible value 
was determined and it then was proportioned between 
the 2 units in the manner that would meet most easily 
the maximum permissible value. 
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It is desirable to have the output of the combined 
amplifying stages reproduce accurately all input 
frequencies in their relative magnitudes. It is of 
course not practical to accomplish this. Freedom 
from distortion is more important in certain parts 
of the frequency range than in others. Distortion 
in frequencies below 100 cycles and above 10,000 
cycles, if not excessive, does not alter seriously the 
quality of reproduction. When designing the audio 
transformers for station WLW, the quality desired 
necessitated limiting the distortion to 5 per cent 


P, S} So Po PS; S2 Pa 
1 


Fig. 3. Schematic diagram showing arrangement of 
windings in 71/> kw third stage transformers 


Pand S$ designate primary and secondary windings, respectively 


Fig. 4. A com- 
plete 71/skwthird 
stage transformer 


between 100 
and 5,000 cy- 
cles and to 22 
per cent at 30 
cycles and at 
10,000 cycles. 
The require- 
ments of repro- 
ducibility at 
the high fre- 
quency end of 
the range have 
more influence 
on the design of 
the transform- 
ers than do 
those at the low 
frequency end. 
The leakage re- 
actance in the 
units, which is 
proportional to frequency, reduces the amplitude of 
delivered voltage. The load on the transformers 1s 
made up of various frequencies superimposed; but 
by limiting the reactance to such a value that the 
distortion will not exceed 22 per cent when supply- 
ing full load at 10,000 cycles, then when the load 
consists of a combination of frequencies, none of any 
appreciable magnitude exceeding 10,000 cycles, the 
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required performance specifications will be met. 

The circuits that the transformers feed into have 
the characteristics of a resistance; therefore, they 
supply loads at unity power factor. The regulation 
of the units as calculated for unity power factor at 
their rated loads then is a measure of their amplitude 
performance. 

The total regulation at 22 per cent at 10,000 cycles 
was split arbitrarily 13 per cent for the fourth stage 
and 9 per cent for the third stage. The maximum 
permissible reactance for the fourth stage then was 
square root of [1002 — (100 — 13)?] or 49 per cent and 
for the third stage 41 per cent, when delivering the 
full output of the units at 10,000 cycles. It was 
found when designing the units that the 49 per cent 
on the large unit could be appreciably lower, with 
the result that the combined errors of the 2 stages 
at 10,000 cycles should not exceed 14 per cent. 

Performance tests were not made on individual 
transformers. Tests on the complete combination of 
all stages including the transformers and tubes 
indicated excellent results. 

The fourth stage audio transformer for station 
WLW has a nominal rating of 180 kw. This unit has 
2 input or primary windings each for 10,200 volts 
(crest) and one secondary or output winding of 
6,000 volts (crest). The arrangement of the wind- 
ings is indicated by figure 1, and the unit out of its 
tank is shown in figure 2. Since the 2 primary 
windings are supplied by separate tubes and there- 
fore receive current on alternate half cycles, it was 
necessary to interlace these 2 windings symmetri- 
cally with the secondary winding. All 3 windings 
consist of circular pancake coils. Each primary 
winding consists of a stack of coils on each leg of the 
transformer as shown by figure 1. The stack of coils 
having the larger diameter on one leg is connected 
in series with the stack having the smaller diameter 
on'the other leg, the secondary winding being between 
the inner and outer primary windings. All 3 windings 
are made of thin copper ribbon. The individual 
primary coils consist of 2 turns each, and the sec- 
ondary coils of 3 turns each. 

The assembled unit as shown in figure 2 weighs 
27,000 pounds. Some idea of the proportion of 
copper and iron can be obtained from the fact that 
of the 27,000 pounds, the magnetic circuit contains 
25,700 pounds of sheet steel. This transformer is 
piaced in a boiler-iron tank and operates in oil. 

The third stage transformers have a nominal rating 
of 71/2 kw each, 2 of these units being required for 
this stage. Each of these transformers has 2 primary 
and 2 secondary windings. The 2 primary windings 
are supplied from separate tubes, and the 2 secondary 
windings supply the grid voltage to the tubes for 
the fourth stage. The 2 primary windings receive 
current in alternate half cycles and must feed into 
each of the secondary windings; therefore, it was 
necessary to interlace all 4 windings. The arrange- 
ment of the windings is shown by figure 3. 

The secondary windings are made up of single-layer 
helical coils. The coils are broken in the center and 
cross-connected so that on each leg the average cou- 
pling to the primary windings is the same for both 
windings. The 2 primary windings are made up of 
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pancake coils. One of these units is shown in 
figure 4. They are air insulated and are not placed 
in a container. Their total weight is 4,200 pounds 


each. 


Electrical Equipment «: 
Waterworks Systems 


The application of supervisory control 
equipment and electric pump drive to 
municipal waterworks systems results not 
only in greatly improved operation, but 
also in a reduction in operating costs. 
Existing waterworks systems may be mod- 
ernized and many improvements secured 
by the application of various types of 
electrical equipment. As an illustration of 
the benefits which may be obtained, a de- 
scription is given of the modernization of 
the waterworks system of the city of Pitts- 
burgh, where electric operation of pumps, 
together with supervisory control, remote 
metering, and remote indication, are now 
used. 


By 
S. A. CANARIIS 


MEMBER A.1.E.E. 


Bureau of Water, City of 
Pittsburgh, Pa. 


Tex first known developments in 
waterworks engineering are recorded by the ancient 
nations as the digging of wells for obtaining a supply 
of water. Probably the most famous of these is 
Joseph's well in Cairo, Egypt, not only on account of 
its depth of 297 feet through solid rock, but also be- 
cause it was pumped by means of endless chain 
buckets operated by mule power. Later develop- 
ments brought the building of storage reservoirs and 
aqueducts, of which there are well preserved examples 
dating from before the birth of Christ. The Romans 
had an organized water department in charge of a 
water commissioner, and developed many phases of 
waterworks practice which are used today. 
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During the middle ages the art declined, until the 
“Black Death” plague, taking a toll of over 40,000,- 
000 lives, aroused the nations to the necessity of 
improved sanitary conditions. The developments 
were extremely slow, and it was not until steam 
engine driven pumps and cast iron pipe were avail- 
able for general use, that the modern waterworks 
systems began to take form. Filtration of water was 
known and practiced in Europe in the early part of 
the 19th century, but was not generally accepted 
in this country until about 1900. Today, practically 
every urban community in the United States has an 
adequate supply of water, properly treated, and de- 
livered at satisfactory pressures and in sufficient 
quantities to meet all demands of health hygiene 
and fire protection. There are now in this country 
approximately 9,000 municipally owned and operated 
water supplies. 


RECENT DEVELOPMENTS 


One of the most evident features of private plant 
modernization is the use of labor saving devices, 
with the replacement of manually operated equip- 
ment by automatically controlled equipment. This 
move is not only one of economy, but is often essential 
in order to eliminate errors and faults in operation 
and production which are results of the uncertainty 
of manual control. While no claim is made for 
perfection in machinery, equipment, and control for 
waterworks purposes, there is no doubt that the 
equipment which can be purchased today has been 
developed to such a degree of simplicity, efficiency, 
reliability, and safety that no water company, be it 
private or municipal, can afford to overlook the 
economic advantages offered by its use in moderniza- 
tion of its plants. 

An example of this may be found in the develop- 
ment of the centrifugal pump, where improved design 
has increased the efficiency of certain sizes by more 
than 20 per cent during the past 10 years. Not only 
has the initial efficiency been increased, but much 
progress has been made in maintaining the efficiency 
for a reasonable length of time. The improved con- 
struction of bearings, with use of temperature relays, 
and also the use of metallic packing for glands, has 
made continuous attendance unnecessary, and after 
the initial running-in period, a weekly inspection is 
all that is required. 

Another marked improvement in waterworks 
equipment is the development of the rotary cone type 
valve to serve as a combination of check and gate 
valve. Operated at adjustable speed by electric 
or hydraulic motor, and controlled hydraulically or 
electrically, it can operate entirely automatically as 
required for proper pump and pipe line protection. 
The development of this type of valve, has, more than 
any other equipment, made the electrically driven 
centrifugal pump practical for waterworks use and 
particularly for automatic station application, as it 
provides a protection in case of power failure or 
automatic shut-down which was impossible to obtain 
with the old type of check valve. That this pro- 
tection is necessary can be realized when it is con- 
sidered that the surge wave in pipe may reach veloci- 
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ties of 3,600 to 4,200 feet per second, adding surge 
pressures of 50 to 250 pounds above normal operat- 
ing pressures. To prevent the pumps and station 
piping, as well as the outside pipe lines, from being 
subjected to such excessive pressures, modern water- 
works successfully employ the cone type valve which, 
when properly timed, keeps water hammer and surges 
well within safe limits. 


TREND TOWARD ELECTRICALLY 
OPERATED AND CONTROLLED STATIONS 


The trend during the past 10 years has definitely 
been toward electrically operated pumping stations, 
partly due to the much smaller investment required 
as compared to prime mover installations, partly 
due to improved equipment, and partly due to the 
general decrease in rates for electric power. While 
this is especially true in smaller water companies, 
there are outstanding examples of complete electrifi- 
cation of all pumping stations in large, progressive 
cities, such as in Baltimore, which abandoned its 
last steam plant about 5 years ago. The waterworks 
management of this same city has made extensive 
and successful use of automatic control for its 
pumping stations. 

The economical and practical electrification of 
pumping stations has again made it possible for the 
waterworks managements to choose the most ad- 
vantageous locations for their plants, as the excessive 
Space required for a steam plant, the coal supply 
facilities, smoke nuisance, etc., are no longer factors 
to be considered. The result is better utilization of 
the distribution system, and the possibilities of im- 
proving service, by proper location of the pumping 
stations in relation to the load and distribution 
system. The water systems thereby become flexi- 
ble, and unpredictable expansions of communities 


no longer need to be served through excessive capital 
expenditures, but often may be handled by the 
addition of a local pumping or booster station. 

It is only natural to expect an increase in the 
number of a large community’s pumping stations, 
and as the number of stations increases, the system 
becomes a parallel to the modern electric power 
utility, and the problem requires treatment along 
similar lines. A customary division of a waterworks 
department is: (1) filtration division, responsible 
for providing an adequate supply of pure water; 
(2) mechanical division, for maintenance and opera- 
tion of pumping stations; and (8) distribution divi- 
sion, responsible for the proper delivery of the water 
and metering of the services. The similarity in 
functions of an electric power company’s generating, 
substation, and distribution departments is quite 
evident. The necessity and advantage of a technical 
and co-ordinating body, such as a system operators 
department, have been definitely established by the 
electric power companies. 

The development of supervisory control systems 
has made it possible and practical to operate or 
supervise operation of the entire system from a 
central office, and this feature has been largely 
responsible for the decrease in power outages and 
the quick restoration of service, as well as economy 
in operation from properly planned and executed 
load control. 


WATERWORKS SYSTEM OF THE CITY OF PITTSBURGH 


While it is true that no 2 communities have the 
same problems in water supply, pumping, and distri- 
bution, there is a certain similarity in many localities, 
which enables waterworks engineers to benefit from 
the experience of other communities. A _ typical 
system set-up will therefore be used to show the 
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possibilities and advantages of central control points. 
The system is that of the city of Pittsburgh, Pa., 
which, due to the rugged topography of the district, 
together with the separation of zones by rivers, deep 
ravines, and valleys, presents an unusually difficult 
problem. The variation in elevation of the various 
zones served is almost 700 feet, and the establishing 
of 9 independent pressure zones has been found 
essential for the proper and safe delivery of water. 
Refer to figure 1 for a map of the stations and reser- 
voirs described in the following paragraphs. 

The raw water is obtained from the Allegheny 
River, and is pumped through the low head Ross 
pumping station to the sedimentation basins which 
are part of the filtration plant; the water then flows 
by gravity through the filters to the ‘‘clear water 
basin”? where it receives the chlorine treatment. 
This part of the system is properly known as the 
“preparation system.” 

From the clear water basin the filtered and purified 
water is pumped by the Aspinwall pumping station 
to the Lanpher reservoir on the North Side, and by 
the Brilliant pumping station to Highland reservoir 
number 1, known as the “‘high service,’ and to 
Highland reservoir number 2, which, interconnected 
with Lanpher reservoir, is known as the “‘low service.” 
These 2 services and their pumping stations con- 
stitute the “primary distribution system.”’ 

The ‘“‘secondary distribution system’’ comprises 6 
“secondary”? pumping stations and their ‘‘services”’ 
or pressure zones, as follows: (1) Howard Street 
pumping station, pumping to Brashear reservoir and 
Brashear service, and also to McNaugher reservoir 
and Spring Hill tanks furnishing the McNaugher 
service; (2) Mission Street pumping station, pump- 
ing to Allentown tanks and Allentown service; (3) 
Herron Hill pumping station pumping to Herron 
Hill reservoir and Herron Hill service, and also to 
Bedford reservoir and Bedford service; (4) Saline 
pumping station, pumping directly into 3 segregated 
high areas which were formerly part of the Herron 
Hill service and relieving excess pressure automati- 
cally into the Herron Hill service; (5) Highland 
pumping station, pumping directly into a distant 
part of the Herron Hill service, with open connection 
to this service; and (6) Lincoln pumping station, 
pumping directly into the Lincoln service with over- 
flow to the Lincoln tank. 


POWER SUPPLY AND Pump DRIVES 


Of these stations, the Highland and Lincoln 
pumping stations are fully automatic, electrically 
operated, the former operating continuously, and 
the latter operating as required to maintain proper 
tank level and district pressures. Saline pumping 
station is also electrically operated, but is entirely 
dispatched over a 2-wire supervisory-control system 
from the attended Herron Hill pumping station, 
approximately 2 miles distant. Brilliant, Howard 
Street, and Herron Hill pumping stations are at- 
tended, electrically operated stations. Ross, Aspin- 
wall, and Mission Street pumping stations are at- 
tended, steam driven stations using coal for fuel. 

Aspinwall and Mission Street pumping stations 
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are equipped with vertical triplex pumping engines, 
but their electrification in the near future is indicated 
by the ever mounting cost of repairs and maintenance 
of this obsolete type of equipment. A substantial 
saving in operating cost. can be realized by the 
electrification of Mission Street station, while the 
economical electrification of Aspinwall station is de- 
pendent chiefly upon the power costs obtainable at 
that time. 

The Ross pumping station is equipped with modern 
turbine drives. It furnishes a considerable amount of 
low pressure steam for heating of the filtration plant, 
including its underground galleries, and also furnishes 
direct current for the operation of the filtration plant 
auxiliaries. It therefore is necessary to maintain 
operating labor at this station. 


REMOTE CONTROL, 
METERING, AND INDICATION USED 


The Aspinwall station, if electrified, will be un- 
attended, and operated entirely by remote direct- 
wire control from Ross station, the distance between 
the 2 stations being only 1,500 feet. The Brilliant 
station which now has an operating force of 10 men 
will also become unattended and will be operated 
over supervisory control from Ross station. A glance 
at the map of the water bureau’s facilities, with an 
understanding of the previous description of the 
functions of these parts of the system, will show the 
logic of such an arrangement. This provides a single 
point for controlling the water output of the raw 
water station and the primary water pumping sta- 
tions in co-ordination with the adjacent filtration 
division. These must all operate in sequence and, 
for the purpose of economy, at nearly the same rates. 

The bureau of water now maintains an office, the 
so-called ‘‘day and night” office, in the City-County 


Fig. 2. Con- 
trol — switch- 
board for Sa- 
line pumping 
station, show- 
ing the super- 
visory control 
panel at left 
and the auto- 
matic control 
cubicles _be- 
yond 
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Building, which receives and records reservoir 
levels and other information pertaining to service 
from the distribution system; it also handles all 
_ service complaints, and is in general responsible for 
transmitting pertinent service information to the 
various agencies. In view of its present function, it 
is evident that the direct control of the operation of 
secondary system pumping stations should be placed 
in the hands of this office. The city is, therefore, 
contemplating establishing a distribution system 
dispatcher’s office in connection with this “service” 
center, from which the Howard Street, Mission 
Street, Herron Hill, and Saline pumping stations 
will be operated over supervisory control. Again 
referring to the map, it is clearly evident that the 
relative location of the 4 stations and the City- 
County Building makes this arrangement practical 
and logical. 

All circuits for supervisory control will be 2 wire 
channels rented from the Bell Telephone Company, 
an arrangement which has proved economical and 
practical compared with the construction and 
maintenance of private lines. 

In connection with supervisory control of water 
pumping stations it is necessary to mention the 
development of remote metering equipment, be- 
cause few applications of this type of control would 
have been practical or possible without reliable 
means of ascertaining the water conditions in remote 
points of the system. Many forms of such devices 
have been placed on the market, but only in the 
past few years has it been possible to obtain a device 
which is sufficiently simple in design and rugged in 
construction to be accepted confidently by the water- 
works engineers. The use of time as a measuring 
unit eliminates inaccurate readings. The adapta- 
bility of the equipment to transmit any information 
desired, be it either flow, pressure, voltage, or any 
other form of metered energy, makes this form of 
equipment of inestimable value in the promotion of 
the proposed modernization of water plants and 
systems. It enables the dispatcher to visualize the 
various system conditions at all times. 

As an example of the necessity for remote indica- 
tion of water conditions as well as the advantages of 
remote control of related pumping stations, the 
service to the Squirrel Hill district in Pittsburgh 
will be described briefly. This district was formerly 
served from the Herron Hill reservoir, until the 
increase in demands made it impossible to provide 
adequate pressures through the existing distribution 
system. As a temporary relief, a special high-pres- 
sure electrically driven centrifugal pump was in- 
stalled in Herron Hill pumping station (which at that 
time was steam driven) for direct pumpage into the 
higher parts of Squirrel Hill district. T his pump 
was operated only during periods of heavy water 
demands, and resulted in fair increase of distribution 
pressures. A thorough economic study later resulted 
in the construction of the electrically operated Saline 
pumping station, to p mp directly into the 3 segre- 
gated high areas of the Squirrel Hill district which 
had previously suffered from shortage of water and 
inadequate pressures. 

This segregated Saline system 1s connected to the 
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Herron Hill service in such a manner that excess 
pressure, due to low demands, in the Saline service, 
is relieved through an automatic valve to the Herron 
Hill service. In case of an extended power outage 
at Saline station, for which an adequate and reliable 
power supply is not economically obtainable at the 
present time, it is essential that the previously men- 
tioned high pressure unit at Herron Hill station be 
placed in service so as to maintain the best possible 
pressures in the districts normally serviced from 
Saline station. 

As Herron Hill station at present is an attended 
station, the control of Saline station was placed under 
this operator, who now controls the Saline station 
over a supervisory controi system of the visicode type. 


SUPERVISORY CONTROL 


For the information of those who are not familiar 
with supervisory control, it consists of a system of 
telephone type relays at both Herron Hill and 
Saline stations connected by 2 telephone wires. 
The relays are housed in dust-proof, sealed cases 
which are in turn mounted on steel panels. By the 
use of such a system, remote apparatus may be 
selected and operated at will, while lamp indications 
show the true position of the unit controlled at all 
times. On the dispatcher’s panel at Herron Hill are 
the control switches and indicating lamps arranged 
in groups for convenience. 

To start the first pump, for instance, a small 
pushbutton is pressed by the dispatcher. By the 
use of an automatic relay operation, the Saline relay 
connected to pump number 1 is selected, which in 
turn sends a checking signal to the dispatcher. He is 
informed that the correct selection has been made by 
the lighting of a small lamp. He then presses the 
“master control’? pushbutton which, through the 
automatic switching equipment, starts the pump 
and, after the operation is completed, changes a 
green lamp indication on his panel to red. The 
operation is thus completed automatically and the 
supervisory control equipment resets to normal, 
ready for any further operation. 

Should a motor driven pump, for example, trip out 
of service, the dispatcher hears an alarm bell. A 
glance at his board shows him, by another white 
lamp with black dot, and green position lamp, 
that the affected pump is out of service. He resets 
the alarm and starts the same or another pump to 
take its place. 

Thus the dispatcher not only is able to perform 
the desired operations in the remote station but is 
kept constantly informed of the operating conditions. 

The supervisory control equipment at both sta- 
tions is mounted on vertical steel panels. The 
installation work was simplified because the panels 
came completely wired and tested from the factory. 
The same was also true of the steel enclosed cubicles 
which housed the automatic switching equipment for 
the motor driven pumps. The installation work was 
thus reduced to setting and anchoring them in place 
and connecting the main and control cables to their 
marked terminals. Control panels at Saline station 
are shown in figure 2. 
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ADVANTAGES OF REMOTE INDICATION 


The safe and successful operation of this station 
depends, in addition to the conventional control of 
its 3 pump units, on 3 essential indications: (1) 
presence of adequate suction pressure, shown by 
lamp indication on dispatcher’s panel; (2) presence 
of voltage for each of the 3 phases of the 4 kv supply 
at Saline station, shown on a triplex voltmeter on the 
dispatcher’s panel (this voltmeter is energized from 
the battery and only records absence or presence of 
the a-c voltage); finally (3) continuous indication 
on the dispatcher’s panel of the discharge pressure 
at Saline pumping station, transmitted by 60 cycle 
impulses over the supervisory control circuit; as 
the supervisory system is operating by transmittal 
of d-c impulses, the telemetering operates over the 
same circuit without interference. The essential 
purpose of this remote pressure indication is to indi- 
cate to the operator at Herron Hill station whether 
or not the automatic discharge valves at Saline 
operate properly; in starting a pump unit, the indi- 
cating gauge shows static pressure of about 190 
pounds; when the automatic discharge valve opens, 
the gauge must show dynamic pressure, of about 230 
pounds. A lack of increase in pressure indicates a 
failure in the discharge valve, such as a sticking cone, 
and the unit is immediately stopped, and the other 
unit started. Another indication of fault may be 
obtained by abnormal pressure readings when a 
pump is operating, an excessively high or low pressure 
being indicative of faulty operation of the automatic 
pressure relief valve between the Saline service and 
the Herron Hill service. Considering the magnitude 
of forces at play in a water system of even moderate 
proportions, it is easy to realize the utmost im- 
portance of detecting such faulty operations which, 
if not checked and remedied, might result in destruc- 
tion of pipe lines and stations and serious interrup- 
tions in water supply for sanitary and fire protection 
purposes. 


RESULTS OBTAINED 


The plan of modernization of waterworks stations 
followed by the city of Pittsburgh has shown very 
gratifying results, reflected in the reduction of the 
mechanical division’s budget from about $929,000 
in 1928 to $602,000 in 1936, a reduction of more 
than 35 percent. Approximately !/2 of this reduction 
has been accomplished by the change from steam to 
electric operation in the pumping stations. 

It is only during the last few years that supervisory 
control equipment, especially for the simpler instal- 
lations where only a small number of units are to be 
controlled, has reached a stage of production and 
development where its first cost allows its universal 
application. Where numerous waterworks plants 
now employ remote metering and indications from 
automatically controlled stations, using complicated 
and often unreliable equipments for transmittal, 
the realization of the simplicity and reliability of 
supervisory control of the visual type opens many 
possibilities for system improvements, using present 
channels for remote metering as well as complete 
equipment control. 
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Remote Metering and 
Automatic Load Control 


Power dispatching on an interconnected 
electric power system has been simplified 
and greatly improved by the adoption of a 
remote metering and automatic load con- 
trol scheme recently developed. Remote 
metering at the power dispatching center 
provides continuous indication of the load 
on a distant 110-kv interconnection. The 
equipment also provides automatic control 
of the load on a hydroelectric generating 
plant located 160 miles from the metering 
point. The scheme, operating over com- 
pany owned telephone lines, is based upon 
maintaining a constant beat frequency in the 
receiving apparatus, the transmission fre- 
quency being varied. Maintenance cost of 
the equipment is found to be negligible. 


By 
J.T. LOGAN 


ASSOCIATE A.1-E-E. 


Georgia Power 
Company, Atlanta 


Man Y of the methods employed 
today in dispatching and controlling loads on electric 
power systems are those developed years ago, largely 
under isolated operation. The art of dispatching has 
lagged other phases of the electrical business princi- 
pally because too few engineers are familiar with the 
details of the problems involved. The few engineers 
who have actually performed the duties of a load dis- 
patcher were too eager to conquer the more technical 
problems after graduating from the dispatching 
ranks; consequently the dispatcher must still rely 
largely upon the telephone. Telephones will prob- 
ably always have an important place in dispatching; 
however, interconnections have rendered their use 
inadequate for controlling important tie line and 
generating station loads. The time element is too 
great. 

Before the Georgia Power Company’s system be- 
came a part of a large interconnected system, remote 
metering and automatic load control were regarded as 
refinements not absolutely essential to its operation. 
The problem changed materially, however, for when 
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operating as a part of an interconnected system, 
-Synchronism is maintained between about 750,000 
kw in generating capacity south of Tennessee and a 

_tnuch greater capacity to the north of Georgia 
through one 110 kv interconnection with Tennessee 
Electric Power Company. (See figure1.) To main- 
tain even an approximate load schedule on this line 
when in parallel with the system to the north re- 
quired almost continuous use of the telephones; even 
then the load would frequently get beyond control 
during load change periods. Figure 2 shows a typi- 
cal case. The tie line was being used largely to 
maintain synchronism between 2 large generating 
centers, and its load carrying ability on definite 
schedules was limited. A problem which the old 
methods of dispatching could not cope with was being 
confronted. After very careful study remote meter- 
ing and automatic load control were decided upon as 
offering the real solution. 


_ DEVELOPMENT OF SUITABLE EQUIPMENT NECESSARY 


The southern terminus of the interconnection with 
the Tennessee Electric Power Company is at Lin- 
dale, Georgia, 70 miles from the dispatching office in 
Atlanta and 160 miles from the nearest hydroelectric 
plant (Tugalo) that could be used for load regulating 
purposes. It was decided to employ company 
owned telephone lines, which are carried on the same 
towers with the high voltage power lines, as the trans- 
mitting medium for remote metering and automatic 
load control. 

After investigating the characteristics of a number 
of remote metering schemes suitable for measuring 
a-c energy, it was discovered that satisfactory equip- 
ment for use over low quality telephone circuits or 
over the power lines themselves was not available. 
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Practically all the developments in this field had 
been made to satisfy metropolitan problems where 
distances are relatively short. 

The problem faced was one of developing a system 
of remote metering only, as once given the load indi- 
cation in the dispatcher’s office no difficulty was an- 
ticipated in adapting standard apparatus for control 
of the generators. Before beginning work in the 
laboratory a set of specifications was agreed which 
were briefly as follows: 


1. The instrument for the dispatcher’s office must be of the graphic 
type. Occasional readings taken from indicating instruments are of 
little help to a busy load dispatcher. He is more interested in the 
load drifts as shown by a chart. 


2. The signal or translating medium must be continuous, for the 
reason that impulse methods of transmitting signal current imposes 
a severe duty upon relays and their contacts, thereby impairing the 
reliability of the metering system and increasing the maintenance 
cost. 


8. The scheme of transmission should be suitable for use over 
power circuits or telephone circuits subject to induction from 60 
cycle power. No other types of company owned circuits were 
available. Incidentally, this precluded the use of low frequency or 
direct current as a translating medium, and eliminated most of the 
schemes already 2vailable. 


4. The signal transmitted must not interfere with telephone con- 
versatious or existing ringing facilities. This meant the use of a 
frequency above the audible range as a translating medium. 


5. The receiver must be capable of accurate reproduction under 
conditions of varying signal energy. Transmission of constant signal 
energy over the circuits available could not be accomplished. 


6. The apparatus must respond quickly in order to give the dis- 
patcher a true picture of conditions at all times. 


With these specifications as an objective, a simple, 
reliable, and economical system of remote metering, 
which may be applied to circuits of any reasonable 
length, has been developed. It is particularly adapt- 
able for electrical measurements, but may also be 
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Each heavy vertical line represents 5 units, or, since chart 
constant is 2,000, represents 10,000 kw 


Each curved horizontal line represents 10 minutes 


The period covered is 11 a.m. until after 1 p.m. 


used for obtaining remote readings of temperature, 
pressure, velocity, position, etc. 


TRANSMITTING EQUIPMENT 


The transmitting equipment consists of a very 
stable master oscillator; a standard graphic watt- 
meter modified to actuate a variable condenser for 
controlling the frequency of the master oscillator; 
3 stages of amplification; and a suitable rectifier and 
filter for supplying the required d-c voltages, thus 
eliminating the need of batteries. Views of the 
transmitter are shown in figure 3. 

The tuning condenser, actuated by the shaft of the 
wattmeter, is connected in the oscillator tuning cir- 
cuit. As the wattmeter shaft changes position the 
capacitance of the tuning condenser is changed, thus 
changing the frequency of the oscillator. For every 
position of the wattmeter shaft the tuning condenser 
has a different capacitance, consequently the master 
oscillator generates a different frequency. This ar- 
rangement causes the master oscillator to generate a 
frequency definitely related to the load as recorded by 
the wattmeter. 

The wattmeter is calibrated to eliminate any er- 
rors due to adapting the tuning condenser to its 
shaft. The scale of the meter is 60,000-0-60,000 kw. 


TELEPHONE LINES USED AS TRANSMISSION CIRCUIT 


The transmitter frequency is placed on the com- 
pany’s telephone lines, which are subjected to severe 
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60 cycle induction, through 7-kv 0.005-microfarad 
condensers. As previously stated, the circuit is 70 
miles in length and is continuous from Lindale to the 
dispatcher’s office in Atlanta. Induction is so severe 
that 15 kva transformers are used at each telephone 
station as drainage coils. There are normally 8 
drainage coils connected to the main trunk circuit. 
The high frequency is taken off the telephone 
lines at the dispatcher’s office in Atlanta through 
condensers similar to those used at Lindale. 


RECEIVING EQUIPMENT 


The equipment described up to this point does not 
embody many radically new ideas other than the ap- 
plication of carrier frequencies to remote metering. 
Remote metering employing variable low frequency 
transmission had been attempted even as far back as 
1924; however, its impracticability is verified by the 
fact that the equipment has not been placed on the 
market for general use. 

The specifications required that the receiver must 
not be susceptible to signal energy variations. This 
exacting requirement was based upon previous experi- 
ence with carrier current telephone transmission 
over similar circuits. The energy transmitted may 
vary to a great extent from day to day. The power 
for operating the receiving meter must be generated 
locally. After taking the signal frequency from the 
telephone lines through condensers, it is passed 
through a high-pass filter in order to trap out the 
voice frequencies and the 60 cycle induction and 
harmonics thereof. 

From the high-pass filter, the signal is impressed 
upon a heterodyne receiver. Heterodyne reception 
provides for combining the signal frequency with a 
frequency generated by an oscillator in the receiver 
to produce a beat frequency. The beat frequency 
employed is the difference between the signal and 
oscillator frequencies. The oscillator which is a part 
of the heterodyne receiver is of a similar type to the 
one employed in the transmitter, and also is very 
stable. 

This system of remote metering differs from other 
variable frequency schemes in that it is based upon 
maintaining a definite or constant beat frequency. A 
definite beat frequency can be maintained only by 
changing the frequency of the receiver oscillator to 
correspond with changes in the signal frequency. 
Obviously, this requires a means for automatically 
operating a tuning condenser for controlling the fre- 
quency of the receiver beat oscillator. 

This tuning condenser, being matched with the 
tuning condenser of the transmitter, varies the fre- 
quency of the receiver oscillator by an amount corre- 
sponding to that of the transmitter for equal move- 
ments of the rotor plates. 

By equipping the shaft, which actuates the rotor 
plates of the receiver beat oscillator tuning condenser, 
with an inking pen and by providing a chart mecha- 
nism, a means of reproducing the kilowatt load of 
the transmitting wattmeter is obtained, provided 
that a definite beat frequency is maintained. Of 
course, the receiving wattmeter chart has a scale 
which is calibrated to correspond with that of the 
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transmitting wattmeter. In reality, the reverse was 
done, i. e., a standard graphic wattmeter was stripped 
of its motivating elements, the tuning condenser 
adapted to its shaft and a disk type reversible motor 


_ provided for driving the shaft. 


MAINTAINING A DEFINITE BEAT FREQUENCY 


A definite beat frequency may be maintained by 
causing the motor to rotate the shaft of the receiver 
tuning condenser in the proper direction for restoring 
the desired beat frequency any time it varies there- 
from. The equipment necessary to accomplish this 
and its reaction to changes in beat frequency can 
best be understood by referring to figure 4, parts A, 
i and -C, 

The conditions shown in table I are assumed to 
prevail. 

The beat frequency of 5 kilocycles from the hetero- 
dyne receiver is passed through a low-pass filter in 


Table I—Assumed Conditions 


Frequency Generated 


Transmitter Transmitter Receiver Beat 
Wattmeter Reading Oscillator Oscillator Frequency 
60,000 kw—incoming (full scale)............42 ke....... SU KGa teens 5 ke 
Ohkwal(center scale) yn ces ole wie ipsuciesevsctte > samen BBO. ihe OD KOS eet tie 5 ke 
60,000 kw—outgoing (full scale)............ 4G EG aioe ALOK Os wets cies 5 ke 


order that the signal frequency, which may vary 
from 42 to 46 kilocycles, and the frequency generated 
by the oscillator of the receiver, 37 to 41 kilocycles 
(this could be 47 to 51 kilocycles if desired), will be 
trapped out of the very sensitive network. From the 
low-pass filter the beat frequency is amplified through 
a final power stage of amplification to supply ample 
power to the network. 

The amplified beat frequency is then applied to a 
network constructed of reactances and capacitances 
as shown by 14, figure 4(8). This network provides 
that at 5 kilocycles the potential drops around ele- 
ments 14a and 14d are equal. These potentials are 
applied to the grids of the 2 vacuum tubes 15 and 16. 
The plate circuits of these tubes are differentially con- 
nected through a 3-winding transformer, 19. 

With the network balanced, 5 kilocycles applied, 
the grid voltages of 15 and 16 are equal, consequently 
equal currents flow in the 2 plate circuits. The flux 
due to these currents cancels out in the transformer 
core, therefore no voltage is generated in the secon- 
dary winding 19c. This means that disk 10a in the 
recording meter has no torque applied, as current 1s 
not flowing in coil 10c. (Coil 10d is continuously 
energized, but produces no torque unless aided by 
coil 10c; it is simply a watt-hour meter assembly.) 

Figure 4(C) shows the characteristic curves of 
tubes 15 and 16. Under balanced condition of net- 
work 14, tubes 15 and 16 are operating on point AA’ 
of characteristic curve X. Grid bias battery 17 
fixes this point. If the network 14 becomes mo- 
mentarily unbalanced by a change in the frequency 
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of the received signal the tube operation slides up or 
down curve X, depending upon whether the change 
is plus or minus, the operation of one tube being in 
one direction and the other in the opposite direction. 
This action unbalances the currents in the plate cir- 
cuits, thus giving a resultant flux in the core of 19 
which generates a potential in 19c. Coil 10c is then 
supplied with current and disk 10a rotates, moving 
inking pen 10e and tuning condenser 9. This opera- 
tion changes the frequency of the oscillator in the 
receiver, bringing its frequency to within 5 kilocycles 
of the signal frequency. At this point the network is 
again balanced, current no longer flows in 10c, and 
disk 10a ceases to rotate until the 5 kilocycle beat 
frequency is again changed. 


EXAMPLES OF OPERATION 


The operation is further clarified by assuming 2 
values of load. Refer again to figure 4. 

Zero Load. (Both meters 3 and 10 indicate zero at 
start.) Meter 3 indicates zero load. Tuning con- 
denser 2 causes oscillator 1 to generate 44 kilocycles 
which is amplified and placed on the telephone lines 
through coupling condensers 4. This signal fre- 


Fig. 3. Front and rear views of the transmitter 


The master oscillator control condenser can be seen located 

in the lower left corner of the wattmeter case. The grill 

cover has been removed from the back of the steel cabinet 

in order to show the general arrangement of the equipment. 

The cabinet includes a suitable rectifier and filter for sup- 

plying d-c voltage, a master oscillator, and 3 stages of amplifica- 
tion 
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quency is taken off the telephone lines at the re- 
ceiving station through coupling condenser 6 and 
passed through high-pass filter 7. The oscillator in 
8 generates 39 kilocycles which is combined with the 
signal frequency for producing a beat frequency. 
The beat frequency of 5 kilocycles (44 kilocycles — 39 
kilocycles) is passed through low-pass filter 12 and 
amplified by 13, and applied to network 14. Poten- 
tial drops across 14a and 140 are equal, therefore the 
grid potentials of 15 and 16 are equal (network ad- 
justed for balance at 5 kilocycles). The plate cur- 
rents of 15 and 16 are equal and cancel out in trans- 
former 19. [Tubes operating on AA’ figure 4 (C).] 
No potential is generated in 19c, therefore disk 10a re- 
mains unchanged and inking pen or pointer 10e 
shows zero on chart or scale. 

Full Load. (Assuming change from zero to full 
load outgoing.) Meter 3 moves to full scale deflec- 
tion and in doing so rotates condenser rotor 2. This 
change in condenser capacitance causes oscillator 1 
to generate 46 kilocycles. The oscillator in 8 is gener- 
ating 39 kilocycles (from above example). This pro- 
duces a beat frequency of 7 kilocycles which is applied 
to network 14. This beat frequency unbalances grid 
potentials causing tube 15 to operate on, say, BB’, 
figure 2(C) and tube 16 to operate on CC’, The plate 
current from 16 now predominates in transformer 19, 
thereby causing a resulting potential to be generated 
in 19c, whose phase relation is controlled by winding 
19b. The potential from 19c¢ causes disk 10a to rotate 
(coil 10d is continuously energized). Disk 10a con- 
tinues to rotate until condenser 9 has had its capaci- 
tance changed sufficiently to cause the oscillator in 8 
to generate 41 kilocycles. At this point the network 
again becomes balanced at 5 kilocycles (46 kilocycles 
— 41 kilocycles) and potential or current in 19¢c dis- 
appears. The disk 10a stops rotating and inking pen 
or indicator 10e shows full scale deflection. 

When the load on the circuit at the transmitting 
station drops, causing the frequency of oscillator 1 
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to decrease, the reverse occurs in network 14, causing 
disk 10a to rotate in the reverse direction. 

The response of the receiving equipment is ex- 
ceedingly fast. It responds to variations of fre- 
quency in the oscillator 1 of 10 cycles or less. After 
several months of actual operation it is found that the 
system is very stable. Calibrating adjustments can 
be made by station operators by means of a small 
vernier condenser in parallel with condenser 9; how- 
ever, little or no adjustment has been necessary to 
date. Once calibrated at zero load the meters track 
throughout their scales due to matched oscillator con- 
trol condensers. 


ACCURACY 


This installation of remote metering has been in- 
spected by engineers of some 40 or 50 power systems, 
the majority of whom have been impressed by its 
simplicity, performance, and general appearance. 
A few, however, have questioned its accuracy be- 
cause of the use of beat frequency. They feel that 
frequency variations due to instability of the 2 os- 
cillators may become cumulative and if so will re- 
flect a large percentage error in the beat frequency, 
and consequently in the accuracy of the receiving in- 
strument. For those who question the stability of 
an oscillator, they are referred to an article by J. B. 
Dow (see reference 1 at end of paper). Quoting Mr. 
Dow: 


“This is substantially the experimental results shown in curve III 
in figure 8 wherein a change in frequency of only 10 cycles in 4,500,000 
occurs for a 25 per cent change in the common anode voltage supply.” 
“It has been found that variation in filament voltage has practically 
a negligible effect upon frequency so long as the filament temperature 
is maintained above that required for saturation at. the anode 
voltage used.” 

“Without temperature control of the frequency determining portion 
of the circuit or tube, a frequency drift of 0.005 per cent per degree 
change in ambient temperature may be expected.”’ 


Such accuracy is almost inconceivable to power 
system engineers, yet experience with this remote 
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Fig. 4. Schematic diagram of re- 
mote metering equipment 


PLATE CURRENT 


Variable carrier current frequency is em- 
ployed as the translating medium 
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\ Fig. 5. Load charts 


metering equipment 


On charts 1 and 3, each 


Chart 4 


recorded by remote Incoming Outgoing 


heavy vertical line rep- 
resents 4,000 units, or, 
since chart constant is 
5, represents 20,000 
kw. — Each horizontal 
line represents 10 min- 
utes 


On charts 2 and 4, 
each heavy vertical line 
represents 5,000 units, 
or, since chart constant 
is 1, represents 5,000 
“kw. Each curved hori- 
zontal line represents 
10 minutes 


Chart 3 
Outgoing Incoming 


ut 


Chart 1 
Outgoing Incoming 


Chart 2 


Incoming Outgoing 


Chart 1—Recorded by the transmitting wattmeter (meter shown in figure 3). Record made during a severe electrical storm, showing load shifts 


and power surges due to relaying of other important power lines. 


The Alabama, Georgia, and Tennessee power systems were separated from the 


“northern systems” 


Chart 2—A reproduction of chart 1, recorded in the dispatcher’s office 70 miles away. The receiving meter records in the reverse direction to the 
transmitting meter. These charts are shown to give an idea of the speed of response obtained in this system of remote metering 


Chart 3—Recorded by the transmitting wattmeter under normal operating conditions when in parallel with the “‘northern systems” 


Chart 4—A reproduction of chart 3, recorded in the dispatcher’s office 


metering installation indicates less than 0.1 per cent 
drifting in the oscillator frequencies. This is verified 
by an examination of charts, figure 5, where a change 
in load of 1,000 kw changes the transmitting oscilla- 
tor frequency only about 331/; cycles (transmitting 
band, 42 to 46 kc). The receiving meter is respond- 
ing to less than 1,000 kw load changes. 

Another criticism of this system of remote meter- 
ing has been that a frequency band rather than a 
single sharply tuned frequency is employed, thus 
limiting the number of channels over one transmitting 
circuit. This system uses only a 4 kilocycle band 
and this can probably be reduced. Carrier current 
telephone transmission, including side bands, em- 
ploys a band spread of about 10 kilocycles. It is felt 
that a 10 kilocycle separation between bands is all 
that is necessary for this system of remote metering; 
therefore, the number of channels available over any 
one circuit seems to be ample. 


AUTOMATIC Tre LINE LOAD CONTROL IS PROVIDED 


The recording instrument located in the dis- 
patcher’s office has a great deal more torque than is 
needed for actuating the inking pen and tuning con- 
denser; therefore, this meter was equipped with a set 
of single-pole double-throw contacts. The movable 
contact is carried by the meter shaft while the sta- 
tionary contacts, one on either side of the movable 
contact, are adjustable. The stationary contacts 
have bellows spring mountings in order not to inter- 
fere with the accuracy of the meter. 

The purpose of these contacts is to control a vac- 
uum tube oscillator designed to transmit on either of 
2 frequencies. The contacts are designed “raise” and 
‘“ower.”? When either contact is made, its corre- 
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sponding auxiliary relay operates, inserting the proper 
capacitance in the oscillator tuning circuit and clos- 
ing the plate circuit so that a definite frequency is 
applied to the transmitting circuit. For sake of 
clarity, assume that when the “‘raise’”’ makes contact, 
a frequency of 70 kilocycles is generated, while the 
“lower” contact closing causes 30 kilocycles to be gen- 
erated. In series with the common or floating con- 
tact of the meter there is inserted a cam type contact 
making device. This device is motor driven and 
makes contact for a predetermined time on each revo- 
lution of the cam. This is necessary in order to pre- 
vent over-regulation. In other words, the generator 
turbine gates can be moved only a definite amount 
for each revolution of the cam, and then only if one 
set of the contacts are made. 

The frequency impulses are placed on a telephone 
line, similar to the one used for remote metering and 
90 miles in length, through coupling condensers 
rated 7 kv, 0.007 microfarad. At the Tugalo hy- 
droelectric plant in Northeast Georgia (see figure 1) 
the impulses are taken off through coupling conden- 
sers similar to those used at the sending end. 

Two vacuum tube relays are installed at Tugalo, 
one tuned to operate on 70 kilocycles and the other on 
30 kilocycles. These relays operate auxiliary relays 
which supply potential for operating the governors of 
2 12,500 kw generators. The circuits from the aux- 
iliary relays simply parallel those of the governor 
push-pull control switch. 

The following explanation may clarify any points 
not already brought out: assume the load schedule 
on the Georgia-Tennessee tie line calls for 30,000 kw 
outgoing to Tennessee. The dispatcher adjusts the 
“raise’’ contact to indicate 28,000 kw on the meter 
scale. (The adjustable contacts indicate their posi- 
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tion on the meter scale.) The “‘lower’’ contact is set 


on 32,000 kw. 
As long as the load remains in this band the oscil- 
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Fig. 6. Charts showing load on the Georgia-Ten- 
nessee 110 kv tie line 


Chart 1—Chart showing better than average load control by 
use of telephones. Made prior to installing remote meter- 
ing on this line 


Chart 2—Chart showing the improvements made by pro- 

viding the dispatchers with remote metering on this line. 

The dispatchers still had to telephone the various plants for 

obtaining corrections. Telephone calls between the dis- 

patcher’s office and the tie line terminal at Lindale, however, 
were eliminated 


Chart 3—Chart showing the effects of automatic tie line load 

control. There is evidence of over-regulating; however, this 

is being eliminated by changes in governor mechanisms. 

The generators used for load regulation purposes are located 
160 miles from the tie line terminus 


Each heavy vertical line represents 4,000 units, or, since 
chart constant is 5, represents 20,000 kw 


Each vertical line represents 10 minutes 


The period covered is from 7 a.m. until after 1 p.m. 
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lator is inactive; only the tube filaments are heated, 
consequently the generators maintain whatever loads 
they have. Now suppose the load drifts below 
28,000 kw. The ‘‘raise”’ contact is made and for each 
revolution of the antihunting cam an impulse of 70 
kilocycles is sent out. The relay at Tugalo tuned for 
this frequency closes for the duration of the impulse 
(which is adjustable) and through its auxiliary relay 
causes the generator loading to increase. It does 
what the operator would do manually if he were look- 
ing at the tie line wattmeter, except much quicker. 
This process is repeated on the next revolution of the 
antihunting cam provided the ‘‘raise’’ contact is still 
closed. When sufficient load has been picked up the 
“raise” contact on the meter at the dispatcher’s 
office opens and further changes cease until the load 
again drifts out of the permissible band. 

If the load increases above 32,000 kw the operation 
is reversed, i. e., the ‘‘lower’’ contact comes into play 
and 30 kilocycle impulses are sent out, causing the 
relay at Tugalo tuned for 30 kilocycles to operate and 
reduce the generator loading. 

This equipment is very simple, requiring only 3 
vacuum tubes at the sending end and 2 at the receiv- 
ingend. Except for occasional relay contact trouble, 
which is to be expected in any impulse system, the 
performance has been entirely satisfactory. 


RESULTS 


This remote metering and automatic load control 
equipment has surpassed all expectations. Releas- 
ing the telephone lines for other use has more than 
paid for the installation. More than 200 telephone 
calls daily have been eliminated between the dis- 
patcher and the Lindale substation operator, and a 
like number between the dispatcher’s office and vari- 
ous generating plants. 

The reliable capacity of the Georgia-Tennessee 
110 kv tie line has been increased by at least 50 per 
cent. Schedules of 45,000 kw over this line are now 
made with less hesitancy than a 30,000 kw load was 
previously scheduled, and interruptions from load 
drifts have been practically eliminated. The ability 
to transmit energy over this line without interrup- 
tions, based upon a careful study of load charts, is as 
shown in table II. 


Table Il—Loads Which Can Be Carried on Tie Line Without 


Interruptions 
(a) Sched- (d) Safe 
Type Load Load ule Ex- (b) Relay (c) Spare Load 
Control Schedule ceeded by Setting Capacity Schedule 


1. Telephone only. .30,000 kw. .25,000 kw. .60,000 kw.. 
2. Remote metering 


5,000 kw. .30,000 kw 


Only: een ceva te 30,000 kw. .15,000 kw. .60,000 kw. .15,000 kw. .40,000 kw 
3. Remote metering 

and automatic 

load control...... 30,000 kw.. 5,000 kw. .60,000 kw. .25,000 kw. .50,000 kw 


(c) The amount the load schedule was exceeded by load drifts some time during 
the 24 hour period. 

(b) The relay settings are actually 70,000 kva. 
tor, however, this is about 60,000 kw. 

(c) Capacity which if exceeded will result in overload relays operating. 

(d) This schedule provides a safety factor of 5,000 kw. While 50,000 kw 
could be scheduled under 3, it is not considered good economy to schedule above 
45,000 kw, except in special cases. 


At the prevailing power fac- 
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The charts, figure 6, do not show the full benefits 
accruing from remote metering and automatic load 
control. This is because the chart made under tele- 
phone control (chart 1) is better than the average. 


Load drifts of the magnitude of those shown by 


figure 2 were apt to occur during any load change 
period, thus resulting in interrupting the circuit even 
under scheduled loads of 30,000 kw. Chart 3 of 
figure 6, while good, does not show the close regula- 
tion now obtainable, as a result of making improve- 
ments in the turbine governing system. These im- 
provements eliminate ‘creeping’ of the turbine 
gates, such as is experienced with flyball governors, 
and consequently avoid the sawtooth effect notice- 
able in chart 3 of figure 6. 

After about 9 months’ experience with this equip- 
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ment, maintenance cost is found to be negligible. 

Remote metering on all tie lines will be provided as 
required and the practice gradually extended to in- 
clude important generating plants. This system of 
metering is ideally adaptable to totalizing. Experi- 
ments indicate that the number of circuits that can 
be combined or totalized on one meter is practically 
unlimited. To totalize the quantities measured by, 
say 50 individual meters if all at one location, does 
not appear at all impractical and the expense would 
be only slightly more than totalizing the quantities 
measured by 2 or 3 individual meters. 
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Lightning Protection Practices 1's.smitt rescues 


With the object of determining the effec- 
tiveness of the newer methods of protecting 
distribution transformers from lightning, a 
survey of operating data obtained during 
1934 by 38 electric power companies has 
been made by the transmission and dis- 
tribution committee of the Edison Electric 
Institute. The results of this survey are 
presented herewith. In general, intercon- 
nection of the lightning arrester ground 
with the secondary neutral has been found 
superior to other methods of protection. 


I. RECENT YEARS various meth- 
ods of protecting distribution transformers have been 
devised with the object of reducing transformer fail- 
ures and blowing of primary fuses during lightning 
storms. To obtain operating data on these newer 
methods in comparison with the conventional method 
of protecting distribution transformers, a survey was 
made by the transmission and distribution commuit- 
tee of the Edison Electric Institute. This consisted of 
collecting operating data for the year 1934. It is 
planned to continue the collection of these data. At 
the present time similar data are being collected for 
the year 1935. 


: 
A paper recommended for publication by the A.LE.E. committee on protective 
devices, and scheduled for discussion at the A.I.E.E. winter convention, New 
York, N. Y., Jan. 28-31, 1936. Manuscript submitted Oct. 17, 1935; released 
for publication Nov. 23, 1935. 
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On the basis of data collected in 1934, the follow- 
ing conclusions appear to be justified: 


1. Interconnection seems to be superior to other methods of light- 
ning protection of distribution transformers. 


2. The use of the common neutral system as a means of generally 
obtaining low ground resistance for interconnection appears promis- 
ing. 

3. Low ground resistance is believed to be one of the most important 
factors in improving lightning protection. 


4. Interconnection does not seem to increase the duty on lightning 
arresters or their rate of failure. 


VARIOUS METHODS OF LIGHTNING PROTECTION 


Figures 1 to 5 illustrate the various methods used 
in the lightning protection of distribution trans- 
formers. The interconnection system, shown in 
figure 2, which nominally consists of a solid tie be- 
tween the lightning arrester ground and the second- 
ary neutral, may be modified by the insertion of 
gap A; by a gap (B) tying the ground to the case; 
or by a combination in which both gaps A and B are 
used. It is interesting to note that 34 out of 38 com- 
panies from which operating data have been obtained 
are using interconnection to some extent. 


RESULTS—1934 LIGHTNING SEASON 


Operating data for the 1934 lightning season from 
38 companies have been summarized intableI. The 
data have been combined in an attempt to obtain 
totals that would tend to eliminate the effect of un- 
controlled variables. The combined data are in- 
cluded in table II. It may be noted that the ground 
resistance is a variable for which compensation can- 
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Table I—Summary of Operating Data for 1934 for Various Methé 
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—_—— 
Solid... 
. 600 


29 30 31 32 33 34 35 36 37 38 Total 
———_ a —~ -eooc 
i i apped..Both.. 
i i i i id: .Solid....Gap.....Gap:....Both..... Solidsdcs ace sates Solid..... Gapped.. 
ae S780. ees pasa e351 Cae S66. ep Nofiden co aati 11192)" 6 21063!. 0202 sree 105,529...1,583....107,112 
a ae jelotee uaclOeneee ba: 


a—Percentage based upon number of 
transformers involved. 
b—Being installed 1934. 
c—Approximate. 
d—As compared with results with stand- 
ard connection in surrounding area. 
e—This includes data on 516 3 phase 
transformers and is not directly compa- 
rable with interconnection. 
f—One ground rod salted 
g—Ground resistance lowered to 30 ohms. 
h—Balance on system. 
i—3-phase 4-wire system. 
j—Delta system. 
k—Includes both bushing and transformer 
winding failures. 
l—On 13.2 kv system. 
m—This company reports that the inter- 
conuections are in a much more exposed 
area than the area of the standard con- 
nections. The performance of the inter- 
connections constituted a decided im- 
provement over that of the standard con- 
nections previously used in the same area. 
n—Delta system; lightning arrester fail- 
ures and primary fuses blown are based 
upon number of transformers. If based 
upon number of lightning arresters, divide 
percentage of lightning arrester failures 
by 2. 
o—3 years. 

3,601...473 R—Located in rural sections. 
ee Re elite Heres ek his S—Located in suburban sections, 
U—Located in urban sections. 
N.D.—No data. 
By: ‘‘ratio—change over standard connec- 
tion’’ is meant the ratio of performance of 
one connection to that for the standard 
connection expressed in per cent. 
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Fig. 2 (above). 


Fig. 4 (left). 
Fig. 5 (right). 


not be made. Storm frequency and severity and de- 
gree of exposure have been at least partially elimi- 
nated as variables by combining the results of vari- 
ous companies. From the average results in table 
II it is apparent that interconnection shows the best 
results, surgeproof transformers second, 3 point con- 
nection third, and the standard connection last. 

An attempt has been made to represent the data 
graphically, as a function of ground resistance, in 
figures 6 and 7. This has been done based upon the 
experience that lowering the ground resistance in it- 
self effects some improvement in the protection ren- 
dered. In table III, the results for a 3 year period 
in 2 sets of test installations made by one company 
demonstrate this point. 

In future studies, an attempt will be made to seg- 
regate the data as to location of the primary fuse 
and to obtain some operating data to determine the 
effect of various methods of protection upon the loca- 
tions of transformer winding failures. A study of the 
effect of the methods of lightning protection upon 
the location of transformer winding failures seems to 
be desirable in view of the fact that the data from 
one company for 4 years of operation show that 
38.8 per cent of the winding failures involved the 
secondary winding only, 33.4 per cent involved both 
the primary and secondary windings, and 26.2 per 
cent involved the primary winding only. 

Interconnection. Table II indicates that inter- 
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connection shows the best operating results. From 
table I it can be seen that interconnection results in 
a lower rate of primary fuses blown for 22 companies, 
the rate being higher for only 2 companies using 
solid interconnection, 1 company using gapped inter- 
connection, and 1 company using both solid and 
gapped interconnection. Transformer winding fail- 
ures were less for interconnection except for 4 com- 
panies which showed a higher rate and 2 companies 
which showed an equal rate. For all companies, the 
rate of meters burned out is less with interconnection. 
While these data are favorable to interconnection, a 
study of figures 6 and 7 indicates that the improve- 
ment is attributable in a large measure to lower 
ground resistance with interconnection, since in mak- 
ing interconnections many companies seek to obtain 
low ground resistance, which in itself should effect 
better protection. Therefore, any comparative data 
should take into account the value of ground resist- 
ance. However, it must be considered that the de- 
gree of exposure and the storm frequency were vari- 
able, and the location of the primary fuse was not 
considered in tabulating these data. 

Surgeproof Transformers. From table II it can be 
seen that the surgeproof transformers show much 
better results than transformers with the standard 
connection, but not quite as good as interconnection. 
In considering the rate of transformer winding fail- 
ures, it must be remembered that the transformers 
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used for surgeproof protection are relatively new. 

Another feature of the performance of surgeproof 
transformers is the higher rate of protective gap fail- 
ures as compared with lightning arrester failures, 
particularly when it is considered that several com- 
panies reporting do not inspect to determine if the 
gaps have failed. However, as these data represent 
several types of gaps, the newer gaps should exhibit 
much lower rates of failure. 

Three Point Protection. The data on 3 point pro- 
tection represent so few transformer installations 
that they are believed to be insufficient to justify 
conclusions. 


LOWERING RESISTANCE OF ARRESTER GROUNDS 


In view of the importance of ground resistance, a 
survey has been made of the practice ot various com- 
panies in maintaining low lightning arrester ground 
resistance. 

Standard Connection. In spite of the fact that 
evidence indicates the increased protective value of 
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low resistance lightning arrester grounds, of the 33 
companies reporting using the standard connection 
22 do not salt lightning arrester grounds. Appar- 
ently, 3 companies make a practice of salting all ar- 
rester grounds, and 7 companies salt them to some 
extent. One company salts arrester grounds in one 
district and does not in another. In analyzing the 
attempt to obtain low resistance arrester grounds it 
may be noted that 15 companies of the 33 do attempt 
to reduce the resistance to some specific value. The 
limit set varies from 10 to 100 ohms, the average be- 
ing in the neighborhood of 25 ohms. While all ar- 
rester grounds are not reduced to the limiting value, 
usually the average resistance is less than the maxi- 
mum set. Three companies reduce the arrester 
ground resistance to a maximum value at locations 
where trouble has occurred. Fourteen companies 
set no limit. 

The data in table III and in figures 6 and 7 indicate 
a definite trend toward a reduction of primary fuses 
blown and transformer winding failures with lower 
arrester ground resistances, indicating the impor- 
tance of maintaining these resistances at as low a 
value as practicable. 

Interconnection. Because of the solid tie between 
the lightning arrester ground and the secondary 
neutral with the interconnection scheme of protec- 
tion, some engineers believe that the combined 
ground resistance should be low so that if a lightning 
arrester should fail sufficient current would flow to 
cause it to blow clear, trip the feeder, or blow a 
branch fuse. Of 32 companies using solid intercon- 
nection, 12 require water pipe grounds on customers’ 
services before interconnections are made, and 6 set 
a maximum limit on the combined ground resistance, 
this limit varying from 1 to 30 ohms. Two com- 
panies make interconnections only where a common 
primary and secondary neutral system is used. 
Eight companies do not require water pipe grounds 
and set no limit on the maximum value of combined 
ground resistance but do set a limit on the minimum 
number of driven grounds, this limit varying from 2 
to 5. Four companies set no restrictions at all on 
making solid interconnections. 

Of the 6 companies using gapped interconnections 
where information on ground resistance was avail- 
able, there are no restrictions as to ground resistance 


Table II—Combined Operating Data on Varicus Schemes of Protecting of Distribution Transformers From Lightning 


Standard Ali Inter- Solid Inter- Gapped Inter- Surgeproof 3 Point 
Connections connections connectionst connections Transformers Protection 
Number of installations........-...ces cece cece cree ss eeeeeeeeeereteee 165,914 ....107,112 -. +. 105,529 -» ++ 1,583 -.-.1,994 ....154 
Average ground resistance, ohmS.......----+---eeerserrer resets tests on sees ee eee eC see. 87.2 75.1 - 18.8 
Primary fuses blown, per cent....... +2... eseeeeee errr teeter testes 8. . Bane Mii Toneenels Sets SET Tears ROS 
Per cent of fuses blown with standard connection......---+++++2+rerrrr tt treet tenes of sone CVI ood 3408} iets 450) - 83.6 
Transformer winding failures, per cent.......------ sreeeceee cece cece 0.823 nies Anes 0.340.... 0.379.... 0.353.... 0.365 
Per cent of winding failures with standard connection....-+-+-++++++ssrrereteesssee es 1 * On Od 41.3 EAN Goes CYL) - 44.3 
Lightning arrester failures, per cent.....+--++-+++: snsgecenernse cena ts 1.653. eae ser are 0.441.... VIEPY fameon iaey) 
Per cent of arrester failures with standard connection. .....--++-+++sssrrrrs tress recess . DUIS 5 26.7 137.3 ....382 
Meters burned out*......... 0.0 ce cece cect scene cece cess ees eeeeesets 1.22 0.128.... Onla0rcnr 0.0 0.261.... 0.0 
Per cent of meters burned out with standard connection.....--.+-+-++crsttttttttt 10.5 LON eee 0 214° Une 0 


Neen eee eee Oe” = LD SL a Ln nn aL Gl St le aa 
* Per cent of meters burned out based upon total number of transformers rather than total number of meters. This was necessary as complete data on total number 


of meters were not available. : ; i 
¢ Some common neutral systems are included in data on interconnection. 
Note: The combined percentages were 0 
case was determined by adding the number o 
ample, the percentage of primary fuses blown was 


btained by adding the number of cases of trouble for each company for which the data were available. The base for each 
f transformer installations for each company for which the particular type of trouble data were available. 
determined by adding the fuses blown for each company and taking this total as a percentage of the sum of the 
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Table IlI—Effect of Ground Resistance on Lightning Pro- 
tection Rendered Using Standard Connection of Lightning 


Arresters 
Primary Transformer 
Number of Fuses Winding 
Installations Blown Failures 
Ground resistance not lowered (probably 
more than 100 ohms)........-.02 eee eeeees (AIS 08 ones 26.0% .... 1.4% 
Ground resistance lowered to 30 ohmsor less. ..130..--.. 19.23%.... 0.733% 
Ratio of troubles with lowered ground re- 
sistance to those with high ground re- 
RASTA TIO Re cre ferks avtre ov) she ricseieherede ei mraiers/ stereiecnie piss 73.8% ....52.4% 


Table IV—Analysis of Use of Common Primary and Sec- 
ondary Neutral on 3-Phase 4-Wire Primary Distribution 


Systems 
Companies using common neutral entirely or to a large extent.............. 10 
Companies using common neutral to a small extent.....--+++++eeee ee eeeee 15 
For experimental purposes....... 0... cee cece eee t erent eens 8 
Onbaliitiew. wotkeniic tin sec ciseios ae es clnowelers 2.0 5 fe'viv.c\e-clele eis elvivielelelee es elersiere 3 
Entirely on 3-phase 4-wire primary system where that is part of entire system 4 
Companies not using common neutral system........- +++ seer ee eee eee eee 25 
Not considering its use in future...... 05. csc cece cece eee eee recess ee enes 15 
Planning or considering its use in future.......--.. eee ee ee ee nee eee 10 
Total compatiies TEPOrting. © < occ co.cc ee eis re oo wclein s sie sleisie'sie sive elelsienie os 50 


or the number of grounds for making of this type of 
interconnection. 

Surgeproof Transformers. Of the 22 companies 
using surgeproof transformers from which data are 
available, only 1 company salts all arrester grounds 
and 4 salt some of the grounds. The remainder (17) 
do not salt arrester grounds. However, 7 companies 
do attempt to hold the arrester ground resistance 
down to some definite maximum and 3 do this at 
locations where trouble has occurred. The remain- 
ing 12 companies make no such attempt. 


LIGHTNING ARRESTER FAILURES 


A study of tables I and II shows that the rate of 
failure of lightning arresters is not increased with in- 
terconnection, the combined figures in table II in- 
dicating a slightly lower rate of failure for intercon- 
nection as compared with the standard connection. 
‘Since interconnection provides better protection 
than the standard connection, the conclusion might 
be reached that the increased duty on the arresters 
results in a higher rate of arrester failure with inter- 
connection. 

While the total figures indicate a lower rate of 
lightning arrester failure for interconnection, it must 
be considered that all the comparative data are not 
from the same companies. Operating data for inter- 
connection and standard connection from the same 
companies, which should make the data more com- 
parable, show that of 12 companies using solid inter- 
connection the rate of lightning arrester failure is 
higher for interconnection for 6 of the companies, 
both rates are the same for 2 companies, and the rate 
for interconnection is lower for 4 companies. In the 
3 cases of gapped interconnection for which compara- 
tive data are available from the same company, 1 
showed a higher rate of lightning arrester failures 
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Fig. 7. Effect of ground resistance on transformer 
winding failures; all types of protection 


for interconnection and 2 showed the same rate for 
interconnection and standard connection. 

It was thought that the resistance of the lightning 
arrester ground might have some effect on the rate of 
arrester failures, that is, the lower the ground resist- 
ance the greater the duty and consequently the 
higher the rate of failures. Figure 8 shows an at- 
tempt to correlate the rate of lightning arrester fail- 
ure with ground resistance for the standard connec- 
tion. Except for one point, a falling characteristic 
is noted, indicating some justification of this theory. 
However, when similar data are plotted for intercon- — 
nection, a rising characteristic is shown. 


COMMON NEUTRAL SYSTEM 


The use of a common conductor for the secondary 
neutral and the neutral of 3-phase 4-wire primary 
systems has a material bearing upon the lightning 
protection rendered. With a common neutral sys- 
tem, interconnection may become automatic as 


Table V—Use of Supplementary Grounds in Addition to 
Grounds on Customer’s Premises by Companies Using 
Common Neutral System 


= 


Companies not using supplementary grounds,............c0cccecveececres 1 
Compatiies using supplementary groundstincs ori aie ce sates clearer eter ae eee 24 
Atéach transformer ye..s..40-0-5 surew iors ais, sete ous Le opaarota nero ehC Tee er eT 9 
At every: fourth.or fifth poled yeccuiesess enter Me eee eerie ee 2 
AQieVery (DOles ce Gosecracieeeiieisisfoie ee ccereloperslteracaie rail ey aveteretePeCotetol ret tetera Reena 2 
2 grounds on poles adjacent to each transformer...............ecceecece 24 
Grounds‘at least every. S00)feet,... cacie is carsiole Co xalomucteier een ee ee ee 2 
Grounds'atdeastievery 1 000:feetyan.c.e oes oe ci eee 3 
Grounds driven where less than 2 water pipe grounds exist............... 2 
No schedule of additional grounds prescribed.............0.0cccececeecs 2 
PLOtal Xo steveaales ais otofele loverereis:ahale clsie.e aietelote evsie es sielete tere erates eroni oie See 25 


Table VWil—Analysis of Multiple Grounding of Primary 
Neutral by Companies Where Common Neutral Is Not 


Used 
Companies not grounding except at supply station.............eceeceecees 30 
Companies using miltiple grounds... .50. .2e ae eee 8 
Erverynt 500s eets is cir. sre a\steiere. « carers ee cieceusvoneletenevn cle ea erene rar co eT ere 1 
Atitrd Of fetdersy eS nik ieteisz 6) eve, coe wie ate etevadereroveccheteyehe coche Sierra ae 1 
Atvevery industrial Service’, 1.5) <1ata 0. ay evel s ciere avers avaveveielcreta re ee Tere ner ne 2 
No scheditle:followed so aij. tat fists: Patee ele te choot etal clatete eee eee 3 
Multipleigrotinds:invonlysalfew casese. .clejstcnusiieree ioe tems ise eee NM 
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shown in figure 38. The use of a common neutral 
system is predicated usually upon low ground re- 
sistance; hence, no further requirements need be 
fulfilled in order to meet the limitations upon ground 
resistance often imposed. 

A survey made to determine the prevalence of sys- 
tems with common neutral yielded the results sum- 
marized in table IV. It is significant to note that 
35 companies of a total of 50 are either using it alto- 
gether or in part, or are planning or considering its 
use. In view of the fact that if the primary neutral 
be broken the ground resistance must be maintained 
low enough to hold the neutral at ground potential, it 
is the general practice to supplement the grounds on 
customers’ premises by additional grounds made 
directly on the primary neutral. While the installa- 
tion of such supplementary grounds may be impor- 
tant where the customer density is low, it is not of 
such importance where the customer density is high. 
Table V analyzes the practices of the 25 companies 
using the common neutral system relative to the in- 
stallation of supplementary grounds. 

Since one of the objections that has been raised to 
the common neutral system is the effect of multiple 
grounds on the primary neutral upon telephone in- 
terference, an analysis has been made of the prac- 
tice of companies in making multiple grounds on the 
primary neutral where the common neutral system is 
not used. Table VI gives such an analysis. Since 
some of the companies referred to duplicate some of 
the 15 companies in table V using the common neutral 
system on parts of their distribution systems, it is of 
interest to note that of the 25 companies not using 
the common neutral system at all, 3 use multiple 
grounding of the primary neutral entirely and 1 uses 
it to a limited extent. Thus, there are 29 compa- 
nies of a total of 50 having multiple grounds on the 
primary neutrals on all or parts of their distribution 
systems. 

The operating results of lightning protection ren- 
dered by this system have been included in data for 
interconnections in tables I and II where operating 
data have been received from companies using the 
common neutral system with interconnection. 
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Lightning Protection 
for Transformers 


As part of the modernization symposium 
scheduled for the 1936 winter convention, 
the A.I.E.E. transformer and lightning ar- 
rester subcommittees* have prepared this 
joint report, which summarizes briefly 
methods now available for protecting trans- 
formers against both traveling waves and 
direct strokes. 


Gr cre eam advance in knowl- 
edge with relation to the protection of transformers 
from the effects of lightning has been made in the 
last decade. This has been the result of field studies 
made co-operatively by the 2 largest manufacturing 
companies and several of the utility companies. 
The work has been backed up by a large amount of 
laboratory research with respect to impulse char- 
acteristics of the component parts of stations, in- 
cluding insulators, transformers, and protective 
means and devices. Asa result of this better under- 
standing of the underlying principles of protection, 
changes frequently can be made in protective ar- 
rangements which will result in an increased factor 
of safety. When new installations are made, recog- 
nition of these principles of protection will often re- 
sult, not only in a higher factor of safety against 
apparatus failure, but frequently in effecting sub- 
stantial economies. 

This discussion will attempt only to present vari- 
ous up-to-date ideas on the protection of trans- 
formers. In order that a transformer may be 
properly protected, it is required that 3 things be 
known: the magnitude of the overvoltages to which 
the transformer may be subjected, the insulation 
strength of the transformer, and the performance of 
the protective equipment. 


ABNORMAL VOLTAGES AND CURRENTS 


In addition to overvoltages of ordinary frequencies 
arising from generator overspeed, there are, in 
general, 3 types of overvoltages to which apparatus 
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may be subjected, namely, arcing grounds, switching 
surges, and lightning. Experience indicates that 
transformers insulated to withstand the present 
standardized impulse tests will withstand success- 
fully the overvoltages from both arcing grounds and 
switching surges. Lightning is therefore the most 
important from a system operation and protection 
viewpoint. It may be broadly dealt with in 2 limiting 
classes, traveling waves and direct strokes. ae 

Data obtained during the lightning investigation 
carried on during the past decade bear out the 
statement that the maximum voltage which will 
travel on the transmission line is limited by the 
flashover of the insulation and is only indirectly re- 
lated to the circuit voltage. Also, the data indicate 
that the highest voltages, predominantly negative 
in polarity, are caused by direct strokes. Although 
the voltages that have been measured were limited 
by the insulation flashover, these direct strokes may 
involvecurrents from 2,500 amperes to possibly 200,000 
amperes. The magnitude of current depends on 
whether the stroke is a direct hit or a streamer, both 
of which may have varying magnitudes of energy in 
them. 

Except where wood pole construction is used with 
ungrounded hardware, the line insulation used on 
the systems in the United States is roughly pro- 
portional to the system voltage, in that the insula- 
tion commonly used increases as the system voltage 
increases. The proportionality is neither uniform 
nor consistent in the various parts of the country, 
but it can be expected that the traveling waves of 
highest voltage will be found on the systems operating 
at the highest voltages. The severity of the direct 
stroke and of its resulting current will be prac- 
tically independent of system voltage. The problem 
of protecting apparatus on low voltage circuits is 
therefore relatively more of a problem than on high 
voltage circuits because wood pole lines are generally 
used and the cost of the equipment to be protected 
does not warrant as extensive a protective scheme. 

The use of fused gaps is of doubtful value on ac- 
count of multiple strokes. It has been found that 
multiple strokes may impose a series of overvoltages 
on a transmission line or station equipment as close 
together as a fraction of a cycle or as far apart as 
9 to 10 cycles. As many as 12 successive strokes 
have been recorded and as many as 40 have been 
photographed. Data indicate that about 20 per 
cent of the strokes recorded were multiple. 


STRENGTH OF TRANSFORMERS 


The effect of lightning on transformer insulation 
depends mainly upon 2 factors, which are the magni- 
tude and duration of the voltage. The impulse test 
made in accordance with the impulse test code gives 
a measure of the insulation strength of the trans- 
former under the conditions prescribed by the code. 
The tests now required are: 


(a). Apply a wave just sufficient to cause flashover of the specified 
test gap under existing conditions of humidity and air density. 


(b). Apply a wave sufficient to cause flashover of the bushing (when 
oversize bushings are used the bushings will be equipped with 
suitable gaps so as to have the same impulse flashover as the standard 
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bushings). For this test the applied voltage must be at least 5 per 
cent in excess of the standard minimum flashover of the bushing 
under standard conditions of humidity and air density. 


(c). Apply a wave having a crest not less than 90 per cent of that 
required to cause flashover of the bushing under existing conditions 
of humidity and air density. In this test no flashover of the bushing 
shall occur. 


The wave used for testing transformers is the 
1.5x40 microsecond positive wave. 

The impulse test sets up insulation strengths for 
the various operating voltages as agreed upon by the 
transformer subcommittee as a reference for stand- 
ardized transformer design. However, there may be 
installations where it is thought that the lightning 
condition may be less or more severe than average 
and in consequence the next lower or next higher 
insulation levels may be obtained by specifying the 
proper test gap. The 60 cycle test will be changed 
according to established rules. 

The strength of transformers built before impulse 
tests were standardized is generally lower than that 
of present day designs. The manufacturer can 
usually make a reasonably good estimate what the 
impulse strength was when new. The estimated 
strength will generally be stated in terms of the test 


gap which might have been used, but voltage values 


also may be given. The transformer may have lower 
strength than would be given on modern designs and 
this must be considered in a protection problem. 


TYPES OF OVERVOLTAGES 


The problem of transformer protection may be 
considered on the basis of 3 types of lightning over- 
voltages: first, traveling waves; second, direct 
hits closely adjacent to the station; and _ third, 
direct strokes at the station. Traveling waves 
impose a relatively slow rate of voltage increase and 
the currents through a protective device are limited 
by the surge impedance of the line. Direct strokes 
closely adjacent to the station will impose a varying 
rate of voltage increase and the tail of the wave may 
or may not be of appreciable duration, depending 
upon the ground resistance, distance from the 
substation and the energy in the stroke. Direct 
strokes at the station may impose extremely rapid 
rates of voltage rise and in the more severe cases 
flashover or failure may occur on the front of the 
wave, especially in those installations in the lower 
voltage range. In considering the protection prob- 
lem of transformer installations, the 2 limiting types 
of overvoltages, traveling waves, and direct strokes 
at the station, will be discussed. The intermediate 
case of direct strokes close to the station will dictate 
protective equipment in either one of the above 
classifications depending on local conditions, type 
of substation to be protected, and characteristics 
of the protective device. During the past 10 years, 
very considerable improvement has been made in 
the protective characteristics of lightning arresters, 
and in the knowledge of lightning strokes, which 
facts should be considered in any modernization 
program or new installation. 

There are several combinations of equipment that 
can be used for protection against traveling waves. 
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The great majority of installations use lightning 
arresters; a small percentage use rod gaps either 
alone or in combination with arresters. 


PROTECTION AGAINST TRAVELING WAVES 


Plain rod gaps will limit, by flashover, the magni- 
tude of voltage applied to the station equipment. 
They may be considered as giving the minimum of 
protection, giving a degree of protection for traveling 
waves, and actually very little or no protection at all 
for steep front waves unless the gap is set low. For 
instance, unless the setting of the gap is considerably 
lower than that used in the impulse test on the trans- 
formers, the margin of safety provided by the gap 
will be less when the time to flashover is short or it 
may entirely disappear. This is because the volt- 
time characteristic of the rod gap shows a greater 
increase in flashover voltage when the time to break 
down is short than does transformer insulation. 
If the setting of the gap is reduced sufficiently to at- 
tempt to provide a margin of safety at the shorter 
times, the gap would flash over unnecessarily on the 
slower and longer waves. In addition, the gap on this 
setting may flash over on switching surges causing 
outages and the consequent interruption of service. 

The ideal protective device should have ability to 
discharge any surge and limit the voltage to a level 
that would provide a reasonable margin of protection 
to the transformer insulation. In the case of traveling 
waves, where the current is limited by the surge 
impedance of the line, the current to be handled by 
the protective device is small compared to that which 
can appear in a direct stroke. Lightning arresters 
available have no difficulty in meeting these require- 
ments provided a reasonable installation layout is 
provided. Modern lightning arresters are not af- 
fected by the polarity of the impulse or the shape 
of the wave, and are uninfluenced by weather condi- 
tions. Transformer insulation is also unaffected. by 
these factors, which means that margins between 
arrester characteristics at a given current and 
transformer insulation will be maintained. Lightning 
arresters can be used as a basis of determining the 
proper level for other apparatus, assuming of course 
that the arresters are properly applied. They should 
be connected directly and located as closely as possible 
to the apparatus to be protected. 

Since the protective level of the arrester depends 
upon the rating of the arrester used, it is always of 
importance to keep overpotentials at system fre- 
quency to as low a level as economically possible. 
Thus, a grounded neutral system may permit the 
use of an arrester of lower rating than can be used 
on an ungrounded system. These factors should all 
be given careful consideration, as they affect not 
only the cost of the arrester but may affect the 
cost of more expensive apparatus. 


PROTECTION AGAINST DIRECT STROKES 


The extent to which protection against direct 
strokes should be provided will usually be dictated 
by economic considerations. It may be decided to: 
(1) attempt to co-ordinate the transformer insulation 
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so that it will withstand direct strokes; (2) use a 
lightning arrester which can give protection on the 
steep fronts of the direct strokes, the limits of the 
protection depending upon the magnitude of the 
current in the surge and the voltage class of the 
insulation; or (3) eliminate as far as practicable 
the possibility of apparatus being exposed to direct 
strokes. 

The first method may be accomplished to a limited 
extent either by the use of transformers having a 
higher impulse strength than normal, by the use of a 
rod gap with reduced setting, or by a combination of 
both. The limitations in the protection afforded by 
the use of a rod gap are the same as discussed in the 
previous section. 

Because of limitations in the protection afforded 
by ground wires on low voltage systems, as will be 
discussed later, and for economic reasons, the second 
method, the use of lightning arresters alone, is all 
that can be considered for less important and low 
voltage substation equipment. This is particularly 
true in the case of distribution transformers. This 
practice is not as bad as it would at first appear, as 
there is and should be maintained, in general, pro- 
portionately more insulation in the low voltage trans- 
formers compared to arrester rating. This allows 
the arrester to handle higher surge currents and still 
provide protection to the transformer insulation. 

The third alternative, that of eliminating the ex- 
posure of apparatus to direct strokes, appears to be 
the best method of protecting equipment. There 
are a number of schemes which give different degrees 
of protection that are essentially the same as for 
traveling waves supplemented by ground wire pro- 
tection. The scheme frequently used for high volt- 
age systems comprises ground wires over the station 
and extending out on the line with a lightning arrester 
in the substation. 

The method, using lightning arresters and ground 
wires, presents as high a grade of protection as 
can be suggested for substations. The ground wires 
extending for 2,500 feet or more should be closely 
associated with the station grounds and will protect 
for direct strokes up to their protection level. Ifa 
flashover occurs from the ground wire to a conductor, 
the surge will be discharged from the ground wire to 
ground and through the arrester to ground in parallel, 
thus reducing the duty on the lightning arrester. 

The protection provided by ground wires has 
limitations dependent on the design. Where ground 
wires are installed, the footing impedances should 
be as low as possible and the clearances and spacings 
of the ground wires should be such that they will 
always take the stroke and provide an adequate 
shield to the phase conductors and busses. 

For economic reasons, ground wire protection 
naturally cannot be considered on the small low volt- 
age substations and on distribution transformers 
which are spotted very frequentiy on a distribution 
system. It is important in this case as well as in all 
cases to keep the protective device directly con- 
nected and located as closely as possible to the ap- 
paratus to be protected. The use of schemes inter- 
connecting the primary distribution lightning ar- 
rester ground, tank and transformer secondary 
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neutral eliminates the effect of distance and ground 
resistance in the arrester performance. Similarly, 
better protection to power transformers is assured 
when the lightning arrester is connected directly 
and located close to the transformer. 


Modernization of 
Relay Systems 


Relay systems used for the protection of 
power transmission networks are now avail- 
able which are greatly superior to those in 
use some 5 years ago. The principal 
change has been the development of 
the high speed relay, the operating time 
of which may be as low as one cycle or 
less on a 60 cycle system. Moderniza- 
tion of existing relay systems frequently 
may be accomplished by the addition 
of the new relays to the present relay 
scheme, thereby avoiding the cost of an 
entirely new relay system. High speed 
relays, especially when used with high 
speed circuit breakers, result in reduc- 
tion of damage at stations and on lines, 
and give improved system stability and 
operation; reduction of outages on equip- 
ment of industrial customers has been an 
important advantage. This paper on mod- 
ernization of relay systems is presented un- 
der the sponsorship of the relay subcom- 
mittee of the A.I.E.E. committee on pro- 
tective devices. 


By 
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Ws: the period beginning about 
1930, when engineering attention began to be turned 
from the problems of constructing additions to physi- 
cal property to the problems of more economical and 
efficient operation of existing properties, the general 
subject of rational modernization of many elements of 
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such systems began to receive a great deal of attention. 

Perhaps no phase of the subject was entitled to, or 
received more attention, than that of system relay 
protection schemes which form the nervous system 
of the large integrated transmission networks with 
their generating stations, which have in the last few 
years made interconnected utility system operation 
the complex technique that it is today. 

The present paper reviews briefly the status of the 
relay art at the beginning of that period and de- 
scribes the developments which made possible the 
modernization programs later carried out by some 
of the large groups of companies throughout the 
country. The advantages of the newer schemes of 
relay protection are described and operating experi- 
ences of one large system before and after its moderni- 
zation program was carried out, are given. 


STATUS AT THE BEGINNING OF 1930 


At the beginning of the period referred to, trans- 
mission system relaying schemes in use employed 
singly or in various combinations, the following: 


1. Time delay induction overcurrent protection. 

2. Time delay induction overcurrent protection in combination 
with directional power relays. 

8. Directional ground current protection. 


4. Balanced schemes: (a) current balance; and (b) duo-directional 
power balance. 


5. Differential schemes for generators and transformers, and to 
some extent for busses, using current operated relays. 


6. Time delay distance (impedance and reactance) relays. 


The usual practice for stub transmission lines and 
for lines radiating from generating stations, was to in- 
stall only time delay overcurrent protection employ- 
ing induction overcurrent relays. On transmission 
system loops, the usual practice at substations was 
to install time delay power directional protection em- 
ploying power directional relays in combination with 
time delay induction overcurrent relays. On some 
systems, in addition to the foregoing, ground cur- 
rent directional relays were used for ground faults. 
Double circuit lines radiating from generating sta- 
tions were usually protected for fast clearing of 
single line faults by current balance relays in addi- 
tion to time delay overcurrent protection on each 
line, for single line operation, and for simultaneous 
trouble occurring on both lines. Double circuit 
lines at substations were usually protected for fast 
clearing of line faults by duo-directional power bal- 
ance relays in combination with fast set time delay 
overcurrent relays in addition to the usual time de- 
lay power directional protection on each line, for 
single line operation and for simultaneous trouble oc- 
curring on both lines. The use of differential 
schemes was confined mostly to the protection of 
generators and large transformer banks and the re- 
lays most commonly used were instantaneous over- 
current for generator protection and time delay over- 
current for transformer bank protection, although 
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_ to some extent percentage unbalance current differ- 
ential relays were beginning to be put to use for both 
generator and transformer protection. On some 
transmission system networks time delay impedance 
and reactance relays were being used, but to a rather 
limited extent. 

At about the same time, another phase of relay 
protection which was beginning to be given serious 
consideration was the protection of industrial custo- 
mers’ installations. With the operation of large 
interconnected systems rapidly becoming the general 
rule throughout the country, system disturbances 
were beginning, with the rather long relaying times 
which had to be contended with, to give serious 
trouble because of the effect of voltage dips which 
were transmitted over rather wide areas. One of 
the first serious troubles which this caused, in addi- 
tion to those problems connected with interconnected 
system operation itself, was interruption to service 
of industrial customers whose equipment was not 
provided with the proper relay protection. The 
standard forms of protection for industrial control 
equipment up to that time had been the following: 


1. Time delay overcurrent protection, usually employing dash-pot 
overload relays. 


2. Instantaneous undervoltage devices. 


The principle cause of trouble encountered was 
due to the use of instantaneous undervoltage pro- 
tection, which functioned on voltage dips of com- 
paratively short duration to disconnect the custo- 
mer’s equipment from the transmission lines. 


THE NEED FOR IMPROVEMENT 


The growth of transmission and generating sys- 
tems, and the extent to which such systems were 
being interconnected, referred to above, naturally 
brought about a great many new operating prob- 


lems. One of these problems was that of stability 
in operating heavily loaded tie lines. When faults 
occurred on such lines, the long relay times for clear- 
ing them, in many cases, resulted in sections of the 
system pulling apart as a result of the disturbance. 
With increased system capacities and the consequent 
large amounts of current fed into transmission sys- 
tem faults, and with the rather long relaying times, 
physical damage upon the occurrence of such faults 
was becoming more and more serious. Oil circuit 
breakers which had previously had adequate ratings 
were being subjected to duties which they were not 
capable of performing, and breaker failures became 
more prevalent. Actual burning of conductors was 
getting to be a very serious problem. The trans- 
mission of voltage surges over a whole system upon 
the occurrence of trouble on one portion of it was be- 
ginning to cause more serious trouble, particularly 
with respect to industrial customers. The thing 
urgently needed and offering the most toward solu- 
tion for many of the operating problems of inter- 
connected systems, was means for faster clearing of 
faults on the system which could only be obtained by 
increasing the speed of both relaying schemes and 
circuit breakers. 

This need for speed is weli recognized today, and 
particularly on systems involving extensive intercon- 
nections and with heavy concentrations of power. 
High speed is obviously a relative term. Not so 
long ago, and well within the memory of many engi- 
neers practicing today, system disturbances were 
cleared by hand after hanging on for periods running 
into minutes. About 10 years ago it was considered 
good relaying practice to be able to clear a fault in a 
maximum relay time of 2 seconds. By about 1930, 
these times had been cut in almost every case to less 
than 1.5 seconds and the average over-all time for 
clearing a fault varied from about 45 to 75 cycles. 
Today, the term ‘‘high speed relaying’’ is considered 
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Fig. 1. Instantaneous relaying of 
a typical transmission network 
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to apply to time intervals of the order of from 4 
cycles maximum to a minimum of a fraction of a 
cycle from the time of the occurrence of the fault to 
the energizing of the trip coil. With high speed 
breakers that are being produced now, the over-all 
time that it is quite practical to obtain very seldom 
exceeds 12 cycles, and in many cases is less than 8 
cycles. 


DEVELOPMENTS REQUIRED FOR IMPROVEMENT 


As previously indicated, high speed circuit break- 
ers and relays obviously offered the most satisfac- 
tory means in solving interconnected system operat- 
ing problems. Any program, then, of modernizing 
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existing relay systems to obtain faster clearing of 
faults, will be effected by introducing faster relay 
functioning in the existing schemes. This may be 
accomplished either by superimposing high speed 
relays on existing schemes which, as shown later, will 
give high speed relay protection for approximately 
90 per cent of the cases of trouble that occur on 
transmission systems, or by the substitution for 
existing schemes of some form of high speed relaying 
which will give complete protection for any line sec- 
tion under any fault conditions. 

Although it became apparent about 1930 that 
high speed operation of circuit breakers and relays 
would provide the answer to these problems, the nec- 
essary equipment had not yet been made generally 
available. 

One of the first steps taken by the operators and 
manufacturers was an investigation of the possibili- 
ties in redesigning existing circuit breakers so that 
with the addition of suitable parts they could be con- 
verted for high speed operation and at the same time 
have higher interrupting capacities. These efforts 
resulted in a satisfactory high speed oil circuit 
breaker being made available for those operating 
companies desiring to rebuild and modernize their 
existing switching equipment. 

About the time that this work on circuit breakers 
was begun, the development of high speed relays 
was started by the manufacturers, and some of the 
utility companies started to modify existing relay 
systems to give faster relay operation. Such a modi- 
fication worked out and applied about 5 years ago on 
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some of the large systems was that of using instan- 
taneous overcurrent phase and ground relays in con- 
junction with the already existing induction over- 
current directional power installations to give high 
speed protection for the majority of transmission 
system faults. i 

New high speed relays to perform the same func- 
tions that the old relays did, but with much faster 
operating times, became available. Among these 
were the following: 


High speed overcurrent relays. 

High speed directional power relays. 
High speed directional ground relays. 
High speed current differential relays. 
High speed distance relays. 
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High speed auxiliary relays. 


At the same time that this development toward 
higher speed breakers and relays was being carried 
out, attention was turned to solving the problem of 
providing proper relay protection for industrial cus- 
tomers’ equipment. The most effective means of 
providing such protection for these customers was 
changing their control circuits by using time delay 
undervoltage devices and providing means for un- 
loading synchronous motors carrying heavy loads, 
which could not ride through disturbances even with 
proper undervoltage protection unless their loads 
were reduced. This led to the development by 
equipment manufacturers of suitable undervoltage 
protective devices with the necessary time delay fea- 
tures, for application to existing equipment, and to 
be furnished as standard with new equipment. In 
addition, auxiliary devices, such as, for instance, 
magnetic unloading valves for large synchronous 
motor-driven compressors, were made available, and 
control wiring schemes were redesigned to permit 
automatic resynchronizing of synchronous motors. 


APPLICATION OF HIGH SPEED RELAYS 
IN MODERNIZING RELAY SYSTEMS 


These developments were of great interest to 
operating engineers because of the possibilities offered 
for modernizing existing schemes of relay protection. 
These possibilities were of 2 general kinds: first, the 
superimposing on existing relay installations of high 
speed relays to give fast protection for the greater 
majority of transmission system faults; and second, 
the working out of new schemes of relay protection 
which could be applied on important parts of the 
transmission system, such as on important tie lines, © 
to give complete high speed protection for all types 
of faults. 

The possibility having the most general application 
over the whole transmission system is the first one. 
This method of modernization, too, has in most cases 
proved to be the most economical. Possibilities of 
the second kind have been much more limited and 
usually are more expensive to apply. For this rea- 
son the applications of these schemes have been 
limited to particular locations where there has been 
some very definite justification for them. 

Some of the more common high speed relay 
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' schemes which have been installed within the past 7 
_ year period are described in the paragraphs which 
follow. The majority of these applications have 
been made primarily to modernize existing system 
relaying and it is only in exceptional cases that the 
adoption of these newer schemes has resulted in the 
complete abandonment of existing relay installa- 
tions. 


1. INSTANTANEOUS OVERCURRENT PROTECTION 


Probably the most effective and certainly one of 
the most economical schemes employed in the general 
modernization of transmission system relaying to 
obtain high speed clearing of the great majority of all 
kinds of transmission system faults has been the 
superimposing of instantaneous overcurrent relays 
on existing relay systems. This scheme employs 3 
instantaneous overcurrent relays per circuit, 2 of 
which are connected as phase relays and the third as 
a ground relay. The instantaneous phase and 
ground relays work in conjunction with the direc- 
tional power and induction time-delay overcurrent 
relays already installed. They are set to pick up at 
values of phase and ground currents which are 
slightly greater than the maximum current that 
would flow from the bus to the line on a through 
fault, for any line section. With these relays so set, 
instantaneous relay action (one cycle) is obtained in 
all cases for faults covering up to approximately 90 per 
cent of the line section. In addition, in many cases, 
after the breaker at one end of the line section opens 
the relay settings on the breaker at the other end, 
with the increased current flow through that breaker, 
will cover the entire line section causing the latter 
breaker to trip immediately after the first one. 

A very decided advantage which the installation 
of instantaneous overcurrent relays gives is that the 
time delay induction overcurrent relays can have 
their settings materially decreased since these need 
only cascade with each other for a fault at the end, 
instead of at the beginning, of a line section. 1n the 
case of a typical loop circuit, say one containing 5 
sectionalizing stations, and extending out from one 
generating source, the reduction in relay settings of 
the time delay induction overcurrent relays on the 
breakers at the generating station may be as much 
as from 60 to 90 cycles, for a fault at the end of the 
line section, if instantaneous overcurrent relays are 
installed at each of the stations in the loop. 

Figure 1 shows an application of instantaneous 
overcurrent relays to a typical transmission network 
on one large system. This network is a 66,000 volt 
transmission system serving one large city and 
dozens of smaller communities in an area supplied 
from one large generating plant. The relay settings 
shown for both the line and ground instantaneous and 
time delay induction overcurrent relays indicate how 
it has been possible to lower the time settings on the 
time delay induction overcurrent relays. The set- 
tings of the instantaneous phase relays on this sys- 
tem are such that with a phase-to-phase fault of 
100,000 kva flowing through a breaker, it will trip 
instantaneously. Rt 

This particular method of obtaining high speed 
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operation has much to recommend it, providing as it 
does a very effective way to modernize many kinds 
of existing relay systems economically. It has been 
possible to modernize existing relay systems in this 
way to provide complete protection for the large 
majority of transmission system faults at a cost less 
than 10 per cent of that of any other scheme of high 
speed relay protection which would give comparable 
performance. 

The instantaneous relays used may either be de- 
signed to fit in the cases of the existing induction 
overcurrent relays or they may be separate relays. 
In the first instance no additional panel space is re- 
quired and no changes in switchboard wiring are 
necessary. In the second, the additional space re- 
quirements on a panel very seldom make it neces- 
sary to provide new panels and the switchboard wir- 
ing changes are comparatively simple. Where sepa- 
rate relays are used, it has even been found possible 
in some cases to recondition, at very small cost, and 
reuse obsolete relays which had been retired. 

Where instantaneous overcurrent relays are used 
with existing schemes employing reverse power re- 
lays, it is possible to obtain a still further increase in 
speed by replacing the existing power directional re- 
lays with the new high speed types. With the in- 
stantaneous overcurrent relays used for phase pro- 
tection the 3 phase high speed directional relay is 
provided with voltage restraint which normally 
holds its tripping contacts open. When a fault cur- 
rent operates the instantaneous overcurrent phase 
relays their circuit opening contacts will remove the 
voltage restraint from the directional relays, allow- 
ing them to operate as sensitive power directional re- 
lays. The circuit closing contacts of the instantane- 
ous phase relays which are connected in series with 
the power directional relay contacts complete the 
tripping circuit. In general, the 3 phase power di- 
rectional relay may be used with the instantaneous 
ground relays for ground protection but in special 
cases it may be desirable to employ a high speed 
ground directional relay with the instantaneous 
ground relays. 

The total relay operating time using instantaneous 
overcurrent relays in conjunction with the older 
power directional relays is approximately 8 cycles, 
but when the high speed power directional relays are 
employed the over-all relay time may be reduced to 
approximately 1 cycle. 


2. HiGH SPEED BALANCE 
SCHEMES FOR PARALLEL LINES 


In modernizing existing relay systems it may at 
times be desirable to apply high speed balance pro- 
tection on parallel lines without altering the normal 
protection for single line operation. 

Usually at the supply end of such lines the existing 
current balance relays will be replaced with high 
speed current balance relays. Such an installation 
makes it possible to clear a fault on a single line with 
a relay time of approximately 0.25 cycle, whereas 
using the older induction current balance relays a 
relay time in the order of 7 to 8 cycles is required. 
For example, it may prove to be particularly desir- 
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Fig. 3. Elementary diagram of carrier current re- 
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able to make such changes in balance protection 
when circuit breakers are being rebuilt for high 
speed operation. Unless advantage is taken of the 
possibility of cutting the relay time the increase in 
speed of operation offered by simply rebuilding the 
breakers may not be warranted. 

At the load ends of such parallel circuits increases 
in speed of relay operation of the same order may be 
obtained by replacing existing directional balance 
relays with high speed directional relays. In em- 
ploying high speed power directional relays for such 
duo-directional balance protection 2 schemes may be 
used. In the first, 2 3-phase high-speed relays 
with voltage restraint are used in conjunction with 
3 instantaneous overcurrent relays, and, in the 
second, single phase high speed directional relays 
without voitage restraint and instantaneous over- 
current relays are employed. Both schemes operate 
with an over-all relay time of about one cycle. Volt- 
age restraint is employed on the 3 phase power di- 
rectional relays to hold their tripping contacts nor- 
mally open. In case of an unbalance current suffi- 
cent to operate the instantaneous overcurrent relays 
the restraint is removed from the power directional 
relays by the circuit opening contacts of the instan- 
taneous relays allowing them to operate as sensitive 
power balance relays; the circuit closing contacts of 
the overcurrent relays connected in series with the 
balance directional relay contacts then complete the 
trip circuit. 

Balance protection of the kind just described is 
limited to protecting for single line faults on 2 or 
more parallel lines and will not provide complete 
protection for simultaneous faults occurring on 2 or 
more parallel lines, nor for faults on single line cir- 
cuits. To obtain high speed relaying under these 
conditions it is necessary to resort to some other 
scheme. One scheme of this kind is that already de- 
scribed, i. e., the superposition of instantaneous over- 
current relays on existing protective systems. 


3. Hi1GH SPEED DISTANCE RELAYS 
Another method employed on many systems to 


furnish high speed protection is the use of high speed 
distance relays. Relays of the so-called distance 
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type have been employed for many years. These 
relays have been of 2 general types—the impedance 
relay and the reactance relay. On some compli- 
cated transniission networks involving a large num- 
ber of sectionalizing stations connected in series, and 
also wide variations in generating conditions, the 
application of distance relays has been warranted — 
both because relay times could be kept from becom- 
ing too long and because the time required to clear a 
fault could be made independent of the variable gen- 
erating conditions. 

The older types of distance relay schemes had the 
same disadvantage as the power directional-time 
delay induction overcurrent relay combination. 
With both of these relaying schemes no fault on any 
part of the line section was cleared instantaneously. 
The development of the high speed distance relay 
has made it possible to obtain instantaneous relay 
operation for approximately 90 per cent of any line 
section. The high speed distance relay includes up 
to 3 component parts: an instantaneous element; 
a time delay element; and, when used, a second time 
delay element, generally set for a time longer than 
the first time delay element. It is interesting to 
note, in comparing high speed distance relay schemes 
with schemes involving instantaneous overcurrent 
relays superimposed on power directional-time delay 
induction overcurrent relays, that the performance 
of the 2 relay schemes is very similar, that is, the in- 
stantaneous relays perform the same functions as 
the instantaneous elements in the distance relay and 
the time delay induction overcurrent relay performs 
the same function as the time delay elements in the 
distance relays. In general, however, up to the pres- 
ent time, distance relays have been designed for 
phase-to-phase protection only and in only special 
cases for ground protection. This is a restriction 
to which the superposition scheme has not been 
limited. The high speed distance relay is not as 
applicable to superposition schemes as the other re- 
lays discussed, since usually it is difficult, and some- 
times it is impossible, to co-ordinate them with ex- 
isting relay schemes. Usually such a system of re- 
lays will be either installed initially or will replace 
existing schemes. | 

On many complicated transmission networks of 
the kind previously referred to, it has been found 
economically justifiable to install distance relays be- 
cause such installations offered some advantages 
over the superimposed instantaneous overcurrent 
relay scheme. 


4. UNIVERSAL HIGH SPEED RELAYING SCHEMES 


Although the various relay schemes just described 
do give high speed relaying for the great majority of 
transmission system faults, they do not give com- 
plete and rapid protection to any line section over 
its entire distance, regardless of the type of fault. 
On important line sections such as short parallel 
lines radiating out from generating stations and on 
single and double circuit tie lines connecting 2 gen- 
erating sources, with a series of sectionalizing sta- 
tions in between, it is necessary that all types of 
faults, including ground, phase-to-phase, and si- 
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-tmultaneous faults on 2 circuits, be cleared as quickly 
as possible to maintain the stability of the system. 

The only relaying scheme which will provide com- 
plete protection of this kind is some form of differ- 
ential protection for the protected section, similar, 
for instance, to differential protection provided for a 
generator, transformer, or bus. The 2 most success- 
ful and practical forms of this kind of protection are 
afforded by (a) metallic pilot wire schemes; and (d) 
carrier current pilot relaying. 

High Speed Metallic Pilot Wire Schemes. Until 
recently, pilot wire protection was the only relay 
scheme proposed which would give complete and 
fast protection to any line section over its entire dis- 
tance, regardless of the type of fault and the number 
of line sections between any 2 sources of supply. 
While this scheme has been used in this country for a 
number of years, it has been applied to a somewhat 
limited extent only, and then principally for short 
lines. The high cost of pilot wire circuits, particu- 
larly for long lines, and the operating difficulties with 
such circuits, have in the past hindered the progress 
of metallic pilot wire schemes. Within the past few 
years, however, such schemes have been simplified 
and made very reliable by the use of high speed di- 
rectional power relays in conjunction with leased 
telephone circuits serving as the pilot wires. 

With such schemes the directional relays are used 
to determine by directional comparison whether a 
fault is internal or external to the protected line sec- 
tion. Usually the power directional relay is so con- 
nected that for power flow from the bus into the line 
it closes its contacts. When a fault occurs in the 
protected line section power will flow from the bus 
into the line, at both ends, and the contacts of the 


power directional relays at both ends will close. 


These contacts are connected in series with the pilot 
wires to energize circuit-closing blocking relays at 
each end of the line, which action completes the trip 
circuits and causes simultaneous tripping of both 
breakers. For a fault external to the protected sec- 
tion, the contacts will close on only one of the power 
directional relays and neither of the blocking relays 
will be energized, which will block the trip circuits of 
the breakers at both ends of the line. The principle 
of operation of such metallic high speed pilot wire 
schemes is shown in figure 2. There are, of course, 
many variations in pilot wire schemes but most of the 
modern ones depend upon the principle of using 
power directional relays to indicate by directional 
comparison whether the fault is internal or external 
to the protected line section. , 
Carrier Current Pilot Relaying. About 1927, in 
the search for a high speed universal relay scheme, 
development work was started on an application of 
differential relaying employing carrier current over 
transmission lines to perform the functions of pilot 
wires. This work was continued and has culmi- 
nated in the development of thoroughly practical, 
simple, and inexpensive carrier current relay protec- 
tive schemes. Most of these schemes have been de- 
scribed in the technical press, and relay engineers are 
well acquainted with their details. 

This form of protection is well suited in any pro- 
gram of modernization for use at many points on a 
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transmission system, since it can be used either super- 
imposed on existing relay schemes or to replace them. 
Carrier current relay protection can be applied to 
any line section on a transmission system without it 
affecting in any way the operation of any existing 
relay schemes on other sections of the network. In 
addition, on those systems where carrier current 
communication is installed, carrier current relaying 
can be applied very economically because existing 
coupling capacitors can be utilized for both purposes. 

Like high speed metallic pilot wire protection, all 
of these carrier current relaying schemes depend upon 
the use of high speed directional power relays to de- 
termine by directional comparison whether faults 
are internal or external to the protected line section. 

Figure 3 shows in an elementary way how such a 
carrier relaying scheme operates. For an external 
fault beyond station B the power flow at station B 
is from the line into the bus causing the directional 
and instantaneous overcurrent starting relay con- 
tacts to close, which starts the transmission of carrier 
current at station 6. This carrier current operates 
the receiver sets at both ends of the line which in 
turn operate the blocking relays at both stations and 
prevent tripping of the circuit breakers. For an in- 
ternal fault the power flow at both stations is from 
the bus into the line and both directional power re- 
lays open their contacts and no carrier current is 
transmitted from either station. After the contacts 
of the tripping relays close, both circuit breakers 
will then trip. 

Many of these carrier current systems operate 
with an over-all relay time of from 2 to 5 cycles, 
Some of the most recently installed systems will 
operate with an over-all relay time of less than one 
cycle. When this system is used in conjunction with 
3 cycle high speed circuit breakers, the total over-all 
time from the occurrence of a fault to the opening of 
a circuit breaker is less than 4 cycles. With system 
disturbances cleared in such short times, almost any 
equipment connected to the transmission system is 
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completely insensitive to the disturbance. In figure 
4 oscillograms are shown which were taken on tests 
of one of these new carrier current relaying schemes. 
It will be noted that the trip circuit was energized in 
0.84 cycle after the inception of the fault. 


5. HicH Sprep Bus DIFFERENTIAL PROTECTION 


One outstanding step in relay modernization 
which has been made particularly within the past 5 
years has been the installation of high speed differen- 
tial protection on important busses. This form of 
relay protection pays large dividends in reducing the 
severity of transmission system disturbances and in 
lessening equipment damage upon the occurrence of 
a bus fault. Moreover, bus differential relaying 
schemes are simple, reliable, and usually economical 
to install. In its simplest form this protection em- 
ploys instantaneous overcurrent relays connected in 
a differential circuit using the bushing current trans- 
formers installed in the oil circuit breaker bushings. 

Differential protection of generators and trans- 
formers has been quite generally employed for a num- 
ber of years. However, when any modernization 
program is contemplated, serious consideration 
should be given to extending transformer differential 
protection even to many transformer banks of mod- 
erate capacity which have perhaps not been provided 
with such protection. Existing transformer differ- 
ential and generator differential schemes can, in some 
instances, be made faster and more sensitive by the 
employment of the newer high speed current differ- 
ential relays. 


6. PROTECTION OF INDUSTRIAL EQUIPMENT 


During the past 5 years, much development work 
has been carried out on protection of industrial 
equipment to prevent unnecessary interruptions in 
service for trouble occurring on transmission systems. 
The chief trouble with previous schemes of protec- 
tion on industrial control equipment was caused by 
the use of instantaneous undervoltage protection 
which made motors drop off the line in case of a volt- 
age surge, even though the duration of the surge was 
very short. Undervoltage devices have been de- 
veloped which can be used to replace instantaneous 
undervoltage devices and give time delay undervolt- 
age protection. On some of the older control 
schemes where a-c contactors energized from the 
transmission system, were employed on motors, the 
control circuits have been energized from a d-c 
source or latched-in contactors have been used. On 
large synchronous compressor motors which were 
very sensitive to dropping out of step on voltage 
surges, automatic magnetic unloaders have been 
applied which unload the motors on the occurrence 
of a voltage surge and allow them to run as induction 
motors. After the system voltage has returned to 
normal, the synchronous motors resynchronize and 
automatically take up the load again. All of these 
schemes for protection of industrial apparatus have 
proved to be very effective and they are economical 
and easy to install. These very necessary changes 
to industrial control equipment have, by themselves, 
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been of great benefit and with the increased speed of 
system relaying which has come about, service com- 
plaints from industrial customers have been prac- 
tically eliminated. 


RESULTS OBTAINED 


The value of these relay developments and appli- 
cations of relay systems just described must, of 
course, be judged by the results which it has been 
possible to obtain with their use. On those trans- 
mission systems where modernization of the kind 
just described has been carried out, the following 
very definite advantages have been realized: 


1. Reduction of Damage at Stations. Where high speed relaying 
has been used, damage to equipment and to structures has been 
negligible. This is true even with heavy concentration of power 
at the point of fault. Usually the trouble results in nothing more 
than switch openings. 


2. Reduction of Damage on Lines. Burning of high voltage trans- 
mission line conductors of the larger sizes is reduced to slight pitting. 
Insulator damage is reduced to slight markings on the surface of the 
units or only a discoloration of the glaze. The burning apart of 
transmission line conductors has been almost eliminated, with 
consequent reduction in maintenance costs. 


3. Improved System Stability. The operation of interconnected 
transmission system networks has been very greatly improved where 
faults are cleared rapidly. With the decrease in relay operating 
times, the amount of power that can be transmitted over tie lines 
before instability occurs has been very appreciably increased. 


4. Improved Interconnected System Operation. The complicated 
problems of proper frequency and load control are materially simpli- 
fied by high speed relaying through the elimination of system dis- ~ 
turbances of long duration and the splitting apart of sections of the 
system. 


5. Reduction of Service Outages. Long interruptions are very seldom 
experienced where high speed relaying is employed. When a fault 
does occur, the chance of the oil circuit breaker staying closed 
upon reclosure is very much better because of the limited damage 
with high speed relaying. 


6. Improved Service to Industrial Customers. High speed relaying ° 
in conjunction with improvements made in industrial customers’ 
control equipment has almost eliminated interruptions to service to 
such customers and the consequent costly delays in production 
schedules. 


From the above results it is obvious that the use 
of high speed relaying schemes and high speed circuit 
breakers has done a great deal to improve the opera- 
tion of interconnected systems. The application of 
the developments which have been described has 
made possible the solution of a number of difficult 
operating problems, and the further extension of new 
developments of this kind will no doubt aid in solving 
some of the remaining problems. 

Operating experience indicates clearly that these 
relaying schemes and the devices used with them are 
extremely reliable, and that very little concern need 
be entertained about how such systems will operate 
when called upon. These various high speed relay- 
ing schemes, in addition to being practical and reli- 
able, are also usually justifiable economically. 

A great deal of credit is due to the engineers re- 
sponsible for the various developments in the protec- 
tion art which have been described, and these men 
have a right to take pride in their contributions to 
the advancement which these developments have 
brought about. 
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Lightning Investigations 
oa Distribution System 


Analyses of field measurements of light- 
ning disturbances and of operating experi- 
ence on a metropolitan electric power dis- 
tribution system have yielded valuable in- 
formation on protective methods. Perform- 
ance records of transformers, fuses, light- 
ning arresters, meters, and customers’ equip- 
ment with the interconnection method of 
protection (arrester ground and second- 
ary neutral interconnected) are analyzed. 
Experience with protective methods for 
underground cables and for stud type of dis- 
tribution transformers is cited, and an a-c 
method of testing arresters is described. 


By 
HERMAN HALPERIN — E. H. GROSSER 
MEMBER, A.1.E.E. NONMEMBER 


Both of Commonwealth Edison Company, Chicago, III. 


arco eee of operating ex- 
periences and special laboratory and field tests in con- 
nection with lightning disturbances on the 4,000-volt 
3-phase distribution system in Chicago, IIl., have 
been extended from the work covered in previous 
papers,’? and new lines of study have been under- 
taken. From the results of these researches the 
following conclusions have been derived. Although 
strictly applicable only to conditions in Chicago, 
many of these conclusions may prove to be of value 
for other systems: 


1. In comparison with normal arrester protection, interconnection 
of the lightning arrester ground lead with the lighting secondary 
neutral mains on the overhead distribution transformers (hereafter 
called simply “interconnection’’) has had the following effects on 
rates of lightning troubles: transformer burnouts, 49 per cent de- 
crease; fuse blowings, 67 per cent decrease; arrester failures, 47 per 
cent increase; meter failures, small increase; troubles on customers’ 
equipment, no increase. 


2. At transformer locations with interconnection, from 200 to 300 
surges of 5 kv or more occur to one case of trouble. Less than 15 
per cent of surges exceeding 100 kv appear to result in transformer 
damage. 


3. Measurements of lightning surges indicate that for most surges 
the potential of the ungrounded transformer tank remains near 
Se, ——————— 
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ground potential. This permits high surge voltages to appear 
across the transformer bushings in spite of the protection afforded 
by the arrester, accounting for many of the lightning troubles that 
still occur with interconnections. 


4. A surge voltage drop along the ground connection between 
arrester and secondary neutral of one kv per foot is not unusual, 
and higher values may occur. This points to the advisability of 
installing the arrester on the transformer pole where economically 
feasible, and of using short ground connections for interconnections. 


5. Other causes of transformer failures and fuse blowings attribu- 
table to lightning which still occur with interconnection are (a) old 
or defective transformer coil or lead insulation, or both, and (6) high 
arrester breakdown voltages resulting from steep surges. 


6. Interconnection between arrester ground lead, extended second- 
ary neutral wire, and cable sheaths should greatly reduce the 
possibility of lightning damage at such locations. 


7. Voltages covering ?/; of a mile of semirural line, with maximum 
values of 500 kv, have been measured. 


8. Distribution transformers of the type used in Chicago having 
replaceable exposed stud type of bushings appear less likely to fail 
but more susceptible to bushing flashovers causing fuse blowings 
than lead type transformers during early service. 


9. Where the transformer tank is not grounded, fewer lightning 
troubles may be expected if the surge flashover voltage of the 
secondary neutral bushing is reduced to 10 or 15 kv. 


10. Where direct grounding of the transformer tank is employed, 
the tank shouid be grounded preferably to the secondary neutral 
main at or near the transformer in order to reduce lightning troubles. 


11. Investigation of lightning damage to meters indicates the pri- 
mary cause to be insufficient clearances between ieads or terminals 
and case, and aiso, for the motors of demand registers, the low surge 
current capacity of the fine wire. 


12. Satisfactory lightning protection for underground distribution 
cables more than 2,000 feet in length probably can be obtained by 
arresters installed on the overhead portion within 500 feet of the 
cable poles. 


13. A method of testing used lightning arresters by measuring the 
a-c leakage current at normal operating voltage and the a-c break- 
down voltage has proved satisfactory. 


DISTRIBUTION SYSTEM 


Descriptions of the distribution system in Chicago 
have been published previously.»? The primary 
neutrals are grounded at the substations only. 
Underground cable extends from substations to cable 
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poles and connects to 4-wire 3-phase overhead cir- 
cuits which comprise the major portion of the system. 
Arresters are installed on primary wires at all cable 
poles, except for experimental removals, and at 70 
per cent of the transformer poles, other transformers 
being one to a few spans from an arrester. The ar- 
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rester grounds and the secondary grounds for trans- 
formers average about 15 ohms. Also, about 92 
per cent of the secondary neutrals are grounded to 
water pipes in customers’ premises, resulting in a 
combined ground resistance of less than one ohm. 
As a safety measure, transformer cases are not 
grounded. 


INTERCONNECTION 


Beginning in 1932, the lightning protection scheme 
has been changing gradually to one comprising inter- 
connection of the arrester ground lead and lighting 
secondary neutral main. By October 1, 1935, 
some 25,000 overhead transformers, or 76 per cent 
of the total on the system, had this method of pro- 
tection; for 30 per cent of these transformers the 
arrester protection is one or a few spans away, since 
it has not seemed essential to employ more than one 
arrester for 2 or more transformers on the same phase 
in a block. In making interconnections, the con- 
servative requirement of grounding the secondary 
neutral to 2 water pipe grounds in customers’ 
premises has been followed. 

During this 4-year period, interconnection has ef- 
fected the following results in comparison with 
equipment having the older method of “normal” 


Table I—Surge Voltages Recorded on the 4,000 Volt 
Overhead Distribution System in Chicago 
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Average Number of Times Surges 


Surge Recorder Installations Were Recorded per Year* 


Type of Per Instal- 

Location Number Total lation 
PLAN Si OLED iets cays ice s.s)56 Pd oer ces tat RRC eee AO CO Sits Reais Mees Ae 1.56 
SADISIPOlGr iets elsc'cis sass Brae ee, Yee ewe oe celle 90 ance Pec een ese 1.00 
POH SACI CHIE i siejat adi sya'ste) «6's Din arava onalokata ae Atak Oren crea TO OHA 8 aE 2.75 
SOLA cet aiehe is heal sind « << OZ ha ltarscs,aifetayeeyee oie i Berieac tc yee mete 1.56 


* Average for 1934 and 1935 records. Data for 1935 include records to October 1. 
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arrester protection, in which the phase and neutral 
arresters are connected only to a driven pipe ground: 


Beneficial Results 


‘1. A 49 per cent decrease in the rate of transformer failures (fig- 


ure 1). 

2. A 67 per cent decrease in the rate of fuse blowings (figure 1). 
3. No increase in the previous low rate of troubles to customers’ 
equipment. 


Undesirable Results 


1. A 47 per cent increase in the rate of arrester failures, apparently 
caused by higher duty on arresters in transmitting high surge cur- 
rents to relatively low resistance grounds. This increase is of little 
importance economically as it causes only 15 or 20 more arrester 
failures per year than occurred with normal arrester protection. 
Furthermore, little, if any, increase has been found for the rate of 
failure of modern valve-type arresters. 

2. An increase, based upon one year’s records, of about 25 per cent 
in the rate of meter burnouts, involving chiefly the motors of demand 
meters. The rate of meter failures caused by lightning is relatively 
low. 


Laboratory tests? conducted prior to 1932 and 
subsequent measurements? of lightning voltages on 
the overhead system by means of surge voltage re- 
corders had indicated that, with interconnection, the 
surge voltages to which distribution transformers 
would be subjected in service would be limited to ap-_ 
proximately the arrester breakdown voltage or about 
20 kv. Yet, in spite of the interconnection, trans- 
former fuse blowings resulting from flashover around 
bushings, and failures of windings still occurred at a 
reduced rate, although the impulse strengths of the 
winding and bushing or lead insulations were ap- 
parently several times the arrester breakdown volt- 
age. Therefore, further investigations, as later 
described, were undertaken. 


SURGE RECORDER INVESTIGATION 


Installations. Surge voltage recorder installations 
in 1934 and 1935 included 8 transformers and 2 cable 
poles with normal arrester protection, 18 transformers 
and 2 cable poles with interconnections, and 2 long 
circuits. Figure 2 shows surge recorder connections 
at locations of transformers with interconnections; 
connections were made as in (a) to measure the 
potentials of the primary phase and secondary neutral 
wires and of the ungrounded transformer tank. In 
1935, to investigate the voltage drop in the ground 
connections between arrester and secondary neutral, 
4 surge recorders were connected at 8 locations as in 
(b) for the purpose of comparing the voltage across 
the arrester with that between the transformer 
terminals. 

In order to measure the surge currents discharged 
through the phase lightning arresters, surge crest 
ammieters of the magnetic link type‘ were installed 
late in 1934 at all surge voltage recorder installations, 
as indicated in figure 2(5), with the co-operation of 
the General Electric Company; in addition, about 
300 of these devices were installed elsewhere in the 
city. 

Surge Voltages Recorded. The surge recorder 
films were replaced 3 times in 1934 and 4 times in 
1935. A summary of the surges recorded is given 
in table I. As compared with 1.56 and 1.0 surges 
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Table II—Correlation of Surge Recorder and Lightning Trouble Data at Locations of Interconnections 


Transformer 
Troubles Caused by 
Lightning 
No. of 
Thunder- Fuse Total 

Year storms Burnouts Blowings (A) 
BOSE ce yt ae ae ee IN Um bers. <a es ews 39 SO ey aranlatne 98 ae 

No. per installation OF 0027 rarer O 00418) 1a 0).0068.. 
MOBO RF eren: AT ine: Nitti bets: eee cee 39 eh et9b Ja polls 

No. per installation.. 0.0023.... 0.0056.... 0.0079.. 


= —s 


Radio of Surges 
to Troubles per 
Installation (B/A) 


Surges Recorded From Primary 
Phase to Separate Ground at 18 Locations (B) 


Greater Than—Kv Greater 
it eS Se See Than 
100 75 50 25 10 Total 100 Kv Total 
a call s'snaiay wee Ne etcen ars ta ieee ct LS: ane OK Me RUE OS OS 
OOS Oy aem Oi ren : O22.) oer Onooreee TOO ere 15040555 3. 2e aoe 220 
peel inv kee SORE eee Sue cer: Staab eepe il ress AGB Ondo hawnde Nee 
= 020565508 Omer OEE chee Oa a sath OP94 saad PTS ao (AVE cc ae 320 


Notre: The number of transformer installations having interconnections was, in the middle of the lightning season, about 14,500 in 1934 and 17,000 in 1935. 


* To October 1. 


per installation per year for transformers and cable 
poles in the metropolitan area, the average of 2.75 
surges per installation per year for long circuits 
indicates the disparity to be expected between light- 
ning conditions in urban and in semirural territory. 
The majority of the recorded surges were of low 
magnitude, only 2 surges resulting in damage to 
equipment on poles. 

Table II correlates the recorded surges at trans- 
former installations having the interconnection with 
transformer troubles caused by lightning at similar 
locations throughout the city. The data obtained 
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Fig. 3. Highest surge recorder records obtained in 


1934 and 1935 at locations of interconnected 
transformers with 3 surge recorders per location 


“CT 
ARRESTER DISCHARGE ————— 
CURRENT —6000 

AMPERES 


Where positive and negative surges are shown together these 
were recorded on the same set of films during the same period 


indicate that one case of trouble occurs for every 200 
to 300 surges of, say, 5 kv or more, but that for surges 
of more than 100 kv, one case of trouble occurs for 
every 7 or 8 surges. 

Interconnection: The Transformer Tank. Pub- 
lished test results on distribution transformers” had 
shown that under surge conditions the transformer 
tank, when isolated from ground, assumes a potential 
somewhere between the potentials of the primary 
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phase and secondary neutral leads, being generally 
nearer the latter because of the greater capacitance 
of the secondary winding to tank and core. There- 
fore it was surprising to discover, in many of the 
surges measured, that the floating transformer tank 
assumed a potential nearer true ground than did the 
primary phase and secondary neutral. 

Figures 3 and 4 show graphically the 19 highest 
and most complete surge voltages recorded in the 2 
years at interconnected transformers with surge 
recorders installed as in figure 2. Of the remaining 
measurements, the majority contained incomplete 
sets of records and the voltages were comparatively 
low. Including positive and negative surges recorded 
in the same period at a few locations, 17 out of 24 
records indicated transformer tank potentials lower 
than those of the secondary neutrals by amounts 
ranging up to 35 kv. For the few records in 
figure 4 where some portions of the circuit are shown 
above and some below ground potential, it is believed 
that the potential of the primary phase wire was 
actually further from true ground potential than the 
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measurement to a driven ground indicated. This 
is of no significance, as all other potentials were 
measured relative to the primary phase wire. These 
data indicate that for average Chicago installations 
the transformer tank assumes roughly 50 per cent 
of the surge potential on the primary phase wire. 

The lowering of transformer tank potential ap- 
parently can be explained by what occurs during 
building up of bound charges on theline wiresand tank. 
During the relatively long period in which charges 
accumulate, both primary and secondary wires 
may be considered virtually grounded through trans- 
former windings, and hence take up charges con- 
sistent with their positions in the cloud field. The 
ungrounded transformer tank, however, must assume 
a charge at a slower rate, because of its high resist- 
ance path to ground over either the bushings or the 
surface of the pole. Thus, at the end of this period, 
the charge on the transformer tank could be sub- 
stantially lower than those on the primary or second- 
ary wires, and its resultant potential on cloud dis- 
charge would be less. This occurrence could take 
place either with normal arrester protection or with 
the interconnection. 

This finding of lowered tank potentials immediately 
suggested an explanation for some of the transformer 
troubles that occur in spite of interconnections. 
Where the potential of the tank remains nearer true 
ground potential than does that of the transformer 
windings, the total voltage across the primary and 
secondary bushings may exceed that between wind- 
ings by twice the amount the transformer tank 
potential drops below that of secondary neutral. 
This would be of no significance if direct flashover or 
puncture occurred between primary and secondary 
windings, but is probably an important factor in 
lightning troubles with the cascading type of flash- 
over; for example, the primary phase first flashes 
over to tank, placing surge potential from the primary 
on the tank, which then arcs to the secondary neutral. 
This is probably what occurred in the first case shown 
in figure 4 for location 23, where lowering of the 
transformer tank potential was apparently responsi- 
ble for a blown fuse. 

Interconnection: Voltage Drop in Leads. While the 
majority of voltages measured across the intercon- 
nection were of an order consistent with normal ar- 
rester breakdown voltages, in several cases the meas- 


ured voltages were from 28 to 37 kv or more (see 
figure 3). These were from 13 to 22 kv more than 
the manufacturers’ values of breakdown voltages of 
the particular types of arresters installed at these 
locations. The arresters therefore were removed 
from service and surge tested in the manufacturers’ 
laboratories, with the results shown in table III. 
The high breakdown voltages measured in the field 
were not duplicated in these tests; and while some 
increase was found for steep-front surges, it was 
estimated that rates of voltage rise of from 200 to 
possibly 1,000 kv per microsecond would be required 
to obtain voltages as measured in the field. Such 
values normally are associated with direct strokes, 
no indications of which had been found. 

Since it was believed that voltage drop in the 
ground connection between arrester and secondary 
neutral might account for the measured voltages, 
an investigation of this factor was made in 1935. 
The results, shown in part in figure 4, indicated that 
in 21 out of 27 measurements voltage drops up to 16 
or 18 kv occurred. In a few records there was an 
apparent rise in voltage between arrester and trans- 
former, as shown, for example, in the first record 
for location 23.' Omitting these records, the voltage 
drop inthe 7 to 10 feet of leads conducting surge cur- 
rent to ground averaged 0.73 kv per foot. Several 
values of 1 kv per foot and 2 values of about 1.7 
kv per foot were indicated. 

These data show that even where interconnected 
arrester and transformer are installed on the same 
pole, the surge voltage appearing at the transformer 
may exceed the arrester voltage considerably unless 
the arrester leads are short. With arrester and trans- 
former on separate poles, the advantages of the inter- 
connection are partially nullified. 

At one location, several abnormally high voltages 
were measured directly across an arrester of a type 
with normal breakdown voltage of about 16 kv, 
which was confirmed by subsequent tests on this 
arrester (table III). The reason for the high meas- 
ured voltages is not known. Aside from this 
particular location, the voltage measured directly 
across the lightning arrester at locations of inter- 
connections in no case exceeded 22 kv, whereas 
several records obtained at transformers with normal 
arrester protection showed voltages between primary 
phase and secondary neutral of 40 kv or more. 


Table III—Breakdown Voltages of Arresters Removed From Surge Recorder Locations; Effect of Wave Front 


Arrester 


Mfr’s. Approximate 


Voltage Recorded 
in Service, Kv, 
Primary Phase to 


Surge Breakdown Voltage (Kv) of Individual 


Make Value of Surge Arresters for 3 Rates of Rise(Kv per psec) 
or Breakdown Separate Secondary 
Location Type Voltage, Kv Ground Neutral 20 to 25 50 150 to 160 
22 A are Cele. J eat Air Bas ec ee DU oie te Ree ae 43° OF ee 3 inten rey hari eet ey tue ce ped ee LD ker. tus. caer e epee L6il Ass oh me ee eee 
as Se oie Oct ar ihe’ s pe ade Poieeates 15 SAD ttc, yee nO MER Aero VOTE IG o ante oS LGUs Ae aes er aepevete LOS OS Gal cauteiera veces 24.9 
Or Cane ee Bike Mie cid de os 15 eERors Saylshegn IPs Ake sooo hice a aan ene A ere aOR SPEAR ae HOM ote cin aver eee LSSL a Aye Moe 23.1 
(43-6). se .tent Ae 30* 

US ed CO a aa ROetO site <a yes } 49.5 asia etude oh at ee OB ENR aes thc UG 2am © eae ne een LS ROM piece ees 18.8 
e , 73,55. pos eee 37% 
One re tors n ctulls ioe BE ie Bee cones Soe DSRS Eire hd ey OS 78 th da ee OC ee ee eee P5uSincwc cure as TIGIS D's). dncp sacar vee ene 1G 


* These voltages were measured directly across the arrester terminals; the measurements at the other locations included several feet of leads. 


** Arrester without series gap. Impedance drop voltages are given. 
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Cable Poles. In one measurement, with normal 
arrester protection, a voltage of 33 kv from primary 
phase to separate ground subjected the cable insula- 
tion to 30 kv. In another case, where the lightning 
arrester ground lead, secondary neutral main, and 
cable sheath were interconnected, with a 41 kv surge 
on the primary phase wire the voltage on the cable 
insulation was only 11 kv. 

Long Circutts. Voltages recorded on 2 long cir- 
cuits confirmed the previous conclusions regarding 
the limited development of traveling waves on such 
circuits. The extension of measurements on one 
circuit in 1934 to cover a distance of approximately 
?/; mile made it possible to obtain 2 sets of records 
which indicate that surges of this length may exist 
on long distribution circuits. One of these sets of 
measurements showed surge voltages of approxi- 
mately 500 kv to ground about 350 feet on each side 
of an arrester location at which the voltage on the 
primary phase wire was only 140 kv. At this loca- 


CEMENT 


Co-ordinated stud 


Lead type Exposed stud Concealed type (reduced bush- 
Goigioir «Ho type (19928) stud type ing dimensions) 
19928) (1932) (1933) 
Fig. 5. Principal stages in the development of 


distribution transformer bushings used in Chicago 


The bushings shown are primary bushings; secondary bushings 
are similar, except that co-ordination usually is elected by 
arcing horns or lugs 


tion a neutral arrester was shattered, confirming the 
previous conclusion that in general whenever voltages 
of 400 or 500 kv occur, equipment damage usually 
results. | 

Arrester Discharge Currents. Several records of 
surge currents through arresters were obtained by 
means of magnetic links, concurrently with voltage 
records, at surge voltage recorder installations in 
1935, as shown in figures 3 and 4. In none of these 
cases were the arresters damaged. The currents 
‘measured in these and the 300 other links ranged from 
500 amperes in a number of cases to about 8,000 
amperes in 3 cases. 


TRANSFORMERS WITH STUD TYPE OF BUSHINGS 
Beginning in 1928, practically all distribution 
transformers purchased by the Commonwealth 


Edison Company have had stud type bushings.’ 
Figure 5 shows chronologically the principal steps in 
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Table IV—6 Year Data on New Lead and Exposed 
Stud Types of Transformers 


(A) (B) Exposed Ratio 
Item Lead Tyne Stud Type B/A 
Transformer-years of service......... 20,200 20;000 . .«...0.99) 
Annual rate of burnout Coils’ ....0..069  (14)....0.085 (ed OeDe 
due to lightning, per Leads ...:0.050 (10)....0.035 Gass SOR 7G 
cent Total. 2, 0).119) (24)... 5.00701, (14). 059 
Annual rate of fuse blowings due 
to lightning, per cent..............0.223 (45)....0.700 (140)....3.14 
Annual rate of total troubles due 
to lightning, per'cent,..........--.0.342) (69)-...0.770 (154) 7.352525 
Estimated annual hours of outage 
due to all lightning troubles........ 115 ean 237 Fat enOO, 


Nore: The numbers of transformers burned out and fuses blown are shown in 
parentheses. 


the development of bushings for distribution trans- 
formers. 

The results of a statistical study of lightning 
troubles on 2 control groups of transformers having 
lead type and exposed stud type bushings, respec- 
tively, are given in table IV. To eliminate the age 
variable, new transformers in each group were 
selected and their operating records followed for 
several years. This investigation indicated that 
with the exposed stud type of transformers, protection 
of the windings was obtained at the expense of fuse 
blowings. The high rate of fuse blowings appears to 
be attributable to low bushing flashover voltages 
as compared with the combined strength of the 
bushings and heavy lead insulation of new lead type 
transformers. 

Few winding failures of stud type transformers 
have occurred in Chicago. It is believed that longer 
life will result for the newer transformers with co- 
ordinated electrical design because of better insulat- 
ing materials, provisions for improved oil circulation, 
and conservative loading conditions. Insulation 
deterioration resulting from lack of attention to 
these factors in the past probably has contributed to 
transformer troubles primarily assigned to lightning. 

A 2 year statistical study of the comparative effect 
of the interconnection in reducing fuse blowings 
caused by lightning on lead and stud type of transfor- 
mers showed that the reduction for lead type of trans- 
formers of all ages resulting from the interconnection 
was 73 per cent, whereas that for relatively new ex- 
posed stud type of transformers was only 38 per cent. 
While a large part of this difference may be accounted 
for by the differences in ages of the 2 types studied, 
it must be ascribed partly to the newer method of 
terminating leads from the winding in a stud type of 
bushing having a low impulse ratio as compared with 
that of the insulation and compound surrounding 
relatively new leads. 

Improvements in Design. Data on _ lightning 
troubles for the few transformers of the co-ordinated 
stud type installed on the Chicago system are as yet 
insufficient to permit a statistical analysis of their 
performance. It is expected that failures caused by 
lightning will be more infrequent than for earlier 
designs, but, because of lowered bushing arcing dis- 
tances, slightly higher rates of fuse blowings may be 
anticipated. Consideration therefore was given to 
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possible improvements for future distribution trans- 
formers. 

The results of the surge voltage recorder measure- 
ments, showing lowered tank potentials, indicated 
that a reduction in bushing flashovers and fuse blow- 
ings could be effected through the use of a low voltage 
gap across the secondary neutral bushing, thereby 
limiting the drop in tank potential to the breakdown 
voltage of this gap. This modification recently has 
been included in specifications for distribution trans- 
formers for Chicago, a 1/; inch gap, having a spark- 
over voltage of 10 to 15 kv on a 1!/,x40 micro- 
second surge, being selected as the minimum practi- 
cable spacing. 

An additional factor of assurance against fuse 
blowings probably can be obtained by increasing the 
flashover voltage of the primary bushings. An 
increase of the same magnitude as the decrease in 
the secondary neutral bushing flashover voltage 
would have little effect on insulation co-ordination, 
yet should prevent flashover from occurring in some 
borderline cases where, for example, the lightning 
arrester may be too far from the transformer to 
limit lightning voltages sufficiently. This situation 
applies, for example, to some transformers on the 
Chicago system. 

Where the transformer tank normally is grounded, 
best performance from a lightning protection stand- 
point may be expected where the tank is grounded 
directly to the secondary neutral wire at the trans- 
former, even if a separate pole ground is provided. 
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Fig. 6. Typical examples of damage to watt-hour 
meters by lightning 


Arrows indicate burn marks 
Motor of demand register (above) 
Lighting meter Cleft) 


The proposed methods of grounding tanks are ad- 
vocated irrespective of the type of arrester protec- 
tion employed. 


Watt-Hour METER BURNOUTS 


Over a 4-year period, an average of 350 failures 
were caused annually by lightning among the 988,- 
000 watt-hour meters in Chicago. About 270 of 
these involved demand registers, which alone had 
a failure rate of 45 times that of light and power 
meters. This high rate appears to be attributable 
to fusing of the fine wire used for coils and leads by 
surge currents and to unusually small clearances at 
the demand motors. 

Failures of light and power meters generally in- 
volve only internal leads. It appears that the surge 
flashover provides a path for subsequent follow of 
power current: The burning and pitting of terminals 
and case (figure 6) in numerous instances seem too 
severe to be solely the result of surge energy. Clear- 
ances between leads or terminals and case as small as 
1/1, inch were found on some of the older meters, 
as compared with clearances of as much as 3/; to °/s 
inch on some newer types. 

An investigation in 1935 indicated that arrester 
interconnection increased the rate of meter burnouts 
by roughly 25 per cent. In view of the low rate of 
such troubles, this increase is far more than offset 
by the reduction in transformer troubles and im- 
proved service resulting from the interconnection. 
Furthermore, while in the course of this investiga- 
tion more than 400 meter burnouts were caused by 
lightning, only 16 cases of lightning damage to cus- 
tomers’ wiring, fuses, or other inside equipment were 
reported; and these indicated no higher rate of 
troubles with the interconnection than with normal 
arrester protection. 
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ARRESTER PROTECTION FOR UNDERGROUND CABLES 


Not more than 2 failures of cables connected to 
overhead lines have been caused by lightning each 
year in Chicago. Early in 1935, therefore, it was 
decided to make a trial removal of arresters from 
about 250 cable poles equipped with air-break 
potheads where additional arrester protection at 
transformers on the same phase wires was provided 
within 500 feet, and where the connected under- 
ground cable was at least 2,000 feet in length. 
Calculations made on the basis of traveling wave 
theory indicated that under the specified conditions 
surge voltages would be reduced sufficiently by the 
_ arrester installed within 500 feet of the cable pole to 
prevent lightning damage to the cable insulation, 
which has impulse strengths of 200 to 3800 kv. 
The surge breakdown voltage of the cable joints pre- 
sented an unknown factor, but only one joint failure 
had been caused by lightning in the preceding 10 
years. 
The results of this trial removal during one light- 
ning season apparently confirm the analysis, since 


Fig. 7. Corroded lightning arrester parts found on dissection 


The lower group shows, from left to right, progressive stages of corrosion on 3 arresters of one type 
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no failures of cables or joints caused by lightning oc- 
curred. The several hundred arresters made avail- 
able were placed in stock for use elsewhere on the 
system. 


LIGHTNING ARRESTER DETERIORATION AND TESTS 


Routine Tests. Beginning in 1933, all lightning 
arresters removed from service which appear to be in 
good condition have been tested before being re- 
turned to the stockroom. In lieu of surge tests, for 
which equipment was not available, the following 60 
cycle tests were devised and found practicable for 
3 kv arresters: 


1. With operating voltage of 2,300 volts impressed across the 
arrester, the leakage current in microamperes (effective) is measured. 
The maximum allowable leakage current is set at 150 microamperes 
except for one type of arrester with no series gap. 


2. The 60 cycle effective value of breakdown voltage is determined 
in relation to normal values for new arresters. The minimum and 
maximum allowable breakdown voltages are 3 kv and 10 ky, re- 
spectively, except for 2 types of arresters for which an upper limit 
of 15 kv isset. Arresters are rejected also if the breakdown is very 
gradual or if the arrester has high resistance after breakdown. 


After arresters found in poor 
external mechanical condition 
had been rejected, 1,845 ar- 
resters were tested over a 3 
year period; 85 per cent was 
found to be satisfactory elec- 
trically. The remainder was 
rejected for the following rea- 
sons: excessive leakage cur- 
rent, 10 percent; high break- 
down voltage, 41/2 per cent; 
low breakdown voltage, 1/2 
percent. Some arresters were 
rejected for unsatisfactory 
breakdown action, but in 
practically all cases these ar- 
resters had also excessive leak- 
age current. 

Arrester Deterioration. Re- 
cently, in order to obtain a 
check on the limiting value of 
leakage current employed in 
these routine tests, 77 arresters 
of various types which had 
been rejected mainly because 
of excessive leakage current 
were broken open and exam- 
ined. As illustrated by the 
typical group of arrester parts 
shown in figure 7, varying 
degrees of corrosion caused 
by moisture entering the ar- 
rester were found. 

A careful correlation of the 
measured 60 cycle leakage 
currents of these arresters be- 
fore examination with the ap- 
proximate degree of corrosion 
of the gap assemblies con- 
firmed the test method as well 
as the value of leakage current 
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employed as a basis of rejection. It was found that 
with the limit of 150 microamperes no arresters 1n 
satisfactory condition were rejected, and all arres- 
ters with “corroded,” ‘‘badly corroded,” or “‘very 
badly corroded” gaps, and about ?/; of those with 
“slightly corroded”’ gaps were rejected. 

The following reasons for high breakdown volt- 
ages were found upon dissection of some arresters: 
(a) gap electrodes burned away; (0) complete 
destruction of internal parts of arrester 1n service, 
or (c) damage to the characteristic or resistance 
material. 

On the basis of these results, which confirm similar 
investigations made prior to the adoption of this 
method of test, it appears that inexpensive 60 cycle 
tests may be employed with a fair degree of accuracy 
to determine the serviceability of used distribution 
arresters. This method appears applicable also to 
the testing of arresters in service. While a-c testing 


Supervisory Control 
and Remote Metering 


Supervisory control and remote metering in- 
stallations on the electrified section of the 
Pennsylvania Railroad are outlined herein. 
A brief history of the growth of electrifica- 
tion on this railroad, and of the supervisory 
control and remote metering installations 
which accompanied the electrification is 
given, together with the locations at which 
the different types of equipment are used. 
These remote metering and control systems 
have been of considerable assistance in load 
dispatching and substation operation. 


By 
a2 V. B. DUER Pennsylvania Railroad, 
FELLOW A.I.E.E. Philadelphia 


de use of supervisory control and 
telemetering on the 11,000 volt a-c electrified service 
of the Pennsylvania Railroad has been brought about 
through a gradual evolution as the territory in which 
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cannot be considered a full substitute for surge 
tests, it may be used with some assurance to detect 
internal changes in the arrester. 
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electric trains are operated has expanded. The rail- 
road has not yet adopted the policy of performing all 
actual switching operations of substations and trolley 
circuits from a central point. As a matter of fact, a 
busy railroad has a distinct advantage which pre- 
cludes the necessity for such a means of operation. 
This advantage is that the railroad provides itself 
with trained men at each interlocking point who per- 
form the remote operation of the track switches. 

These men are capable and can readily be qualified 
to operate the control board for an adjacent substa- 
tion and such a switchboard can usually be installed 
in the signal tower where the operator is located. 
This procedure has been adopted in the operation of 
all of the electrically controlled power switching for 
electric traction in the past and has been continued 
up to the present with a few notable exceptions. 


EARLY ELECTRIFICATION AND 
SUPERVISORY CONTROL INSTALLATIONS 


At this point a brief résumé of the growth of the 
electrically operated portion of the railroad (see fig- 
ure 1) should be of interest to bring out the necessary 
refinements in the method of operation and super- 
vision of the power system. 

The first 11,000 volt a-c overhead catenary electric 
train operation on the Pennsylvania Railroad was 
put in service in 1915 between Philadelphia and 
Paoli. This installation had one power supply point, a 
synchronous condenser station, and 3 substations on 
a line 20 miles in length. The substations were con- 
trolled by interlocking tower operators under the 
telephone supervision of a “‘power director’ located 
at West Philadelphia. This installation was en- 
larged to include the branch to Chestnut Hill in 
1918. A 2 phase feed was installed at the power sup- 
ply point and 2 substations were built. 

The first step in the through electrification project 
between New York and Washington was inaugurated 
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between Philadelphia and Wilmington in September 
1928. . This installation was made with 132,000 volt 
transmission to fit in with the through service plans. 
Five substations were built and a new power supply 
source was provided. 

Later in 1928 the branch to West Chester was 
placed in operation. Here for the first time super- 
visory control was considered desirable and was in- 
stalled. On this branch there is only one interlock- 
ing tower which is manned for the full 24 hour period. 
It thus became desirable to concentrate the control of 
the 4 substations on the branch at this tower. The 
extreme substations are 17!/, miles apart so that su- 
pervisory control was necessary. The original in- 
stallation was of the 4 wire ‘‘synchronous visual” 
type. In this case the line wires were run in aerial 
cable and were subjected to severe induction con- 
ditions. Tests made in 1930 indicated that a change 
was necessary in the equipment in order to minimize 
the effect of the induced voltages. The equipment 
was then changed to the 2 wire ‘‘visicode”’ type with 
suitable drainage devices. (See reference 1 at end 
of paper.) This change eliminated the troubles, and 
the installation is now giving satisfactory service. A 
list of the supervisory control installations of this 
railroad is given in table I. 


INDUCTIVE CO-ORDINATION PROBLEMS 


Generally, the use of supervisory control in con- 
junction with an a-c railroad electrification is at- 
tended with more than the average problems in in- 
ductive co-ordination. These problems are in com- 
mon with the inductive co-ordination of the rail- 
road’s communication circuits since the supervisory 
control wires are usually in the same cables. The 
principal factors which aid in controlling induction 
are: (a) substantial construction and insulation of 
the power circuits to reduce the frequency of occur- 
rence of faults; (d) use of high speed relaying and cir- 
cuit breakers to limit the duration of faults; (c) thor- 
ough bonding of rails and installation of ground wires 
to reduce earth currents; and (d) the installation 
close to the communication cables of shielding or neu- 
tralizing wires bonded to the return circuits. 

In spite of these steps calculations have indicated 
in some locations that the line wires will be subjected 
to 440 or 550 volts to ground maximum induced po- 
tential due to heavy load currents and to even higher 
potentials due to short circuit currents. It is thus 
necessary to design the equipment to withstand these 
voltages. If it is desired to permit the operation of 
the equipment under these conditions, drainage 
equipment is installed to hold the induced potentials 
to a value below the breakdown point of protectors 
which may be installed in the line wires. 


ELECTRIFICATION AND 
SUPERVISORY CONTROL EXTENDED 


In 1930 the main line between Philadelphia and 
Trenton was completed for electric service, as was 
also the branch to Norristown. This project in- 
cluded the building of 6 more substations. At this 
time the electrified territory was divided into 2 
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operating zones, each with a separate “power direc- 
tor,’ and at the same time a second installation of 
supervisory control was made. Only one substation 
was involved. This substation is known as Zoo 
(D-1) substation. It is now the largest trolley sub- 
station on the electrification, and serves as the prin- 
cipal supply for the incoming trackage and the yards 
in the Philadelphia terminal area. At this substa- 
tion, also, are the 132 kv oil circuit breakers for sec- 
tionalizing the transmission lines. 

When the substation was put in service there was 
no nearby permanent interlocking tower large enough 
to handle the control board. Direct electrical con- 
trol to the Philadelphia power director’s office was 
considered but proved uneconomical and too bulky 
compared with the telephone type of equipment used 
on supervisory control. Supervisory control was, 
therefore, installed. The synchronous visual type 
was used. This installation operates over a com- 
paratively short line and the cable is not run close to 
trolley contact circuits. No trouble has been ex- 
perienced with induction and the installation has 
given good service. 

During the past year the substation has been en- 
larged, and the power director’s office from which it is 
controlled has been relocated. This required con- 
siderable work on the supervisory control equipment. 
Thus, at the manufacturer’s suggestion, the oppor- 
tunity was used to convert the equipment to the new 
‘“‘polaricode”’ type. The high speed of this equip- 
ment has proved a distinct advantage for this sub- 
station, which has over 100 points of control and 
supervision. 

In 1933 electric train service was inaugurated be- 
tween Philadelphia and New York. This meant the 
addition of 12 more substations and switching sta- 


power director’s zones were established, one of which 
was a consolidation with the d-c third rail operation 
between New York and Manhattan Transfer. As 
the d-c third rail operation was changed over to a-c 
overhead catenary operation it became possible to 
close the d-c substation at the Hackensack, N. J., 
portals of the tunnels under the Hudson River. 
Since the operator of this substation also operated 
the control board for the adjoining a-c service trans- 
former substation another means of control for the 
a-c station had to be provided, as well as remote 
operation for the 3-phase 11,000-volt line circuit 
breakers in the d-c station which are still required to 
supply the transmission feeders to Newark for the 
Hudson and Manhattan service out of Jersey City. 
It was decided to use supervisory control operated 
from the power director’s office in New York. The 
visicode type of equipment was installed similar to 
that used on the branch to West Chester. 

Finally, in 1935, now that the entire project be- 
tween New York and Washington has been put into 
service, there are a total of 40 trolley transformer sta- 
tions and 8 trolley feeder switching stations. Power 
supply is obtained from 7 separate supply points, 
The entire distribution system is divided into 7 sepa- 
rate zones each supervised by a power director. The 
power supply and 132,000 volt transmission system 
has been placed under the direction of a system “‘load 
dispatcher”’ located in Philadelphia. 


SPACING OF SUBSTATIONS 


At the time the project between Wilmington and 
Washington was laid out it was found that a consider- 
able economic advantage could be obtained in spacing 
the substations without giving primary consideration 


tions and 2 more power supply stations. Three new to the proximity of a suitable control point. It then 
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Fig. 2. Relay board in North Point substation, 
Baltimore 


The 2 relay panels for the code selector type supervisory con- 
trol are on the right 


became economically feasible to place 6 of the 12 
trolley transformer substations between Wilmington 
and Washington under the direct supervision of the 
power directors in Baltimore by means of supervisory 
control. (See figure 2.) The substation in Balti- 
more station itself has its direct electrical control oper- 
‘ated from the same point. Thus, in this area, a 
large amount of the switching operations are per- 
formed by the power directors themselves, without 
need of recourse to the intermediate step of telephone 
instructions to interlocking tower operators. This 
installation controlled from Baltimore is the most 
extensive installation of supervisory control on the 
Pennsylvania Railroad, both in respect to number of 
points controlled and distances over which the control 
is operated. The “code selector’’ type of equipment 
is used with drainage tuned to reduce 25 cycle induc- 
tion, and the operation has thus far proved quite 
satisfactory. 


OTHER SUPERVISORY CONTROL INSTALLATIONS 


As the steam train service has been eliminated it 
has been found possible to close many of the facilities 
provided for that service. This condition made de- 
sirable one further installation of supervisory con- 
trol. The substation involved is at Glenolden, Pa., 
and was formerly controlled by the operator of a 
water-pumping station nearby. The polaricode type 
of equipment has now been installed for this substa- 
tion controlled from the Philadelphia power director’s 
office. (See figure 3.) 

At the present time, of the 40 trolley transformer 
substations in service in the electrified territory, 13 
are operated by supervisory control and the remain- 
ing 27 are operated by remote electrical control. 

In addition to the operation of principal substa- 
tions by supervisory control 2 other minor installa- 
tions are in service. One installation controls 4 
132,000-volt line horn-gap switches which tie in the 
supply from the Metuchen power supply station to 
the through transmission lines. These switches 
were at first hand-operated, but the need for remote 
operation soon became apparent. No convenient 
control point being available, a simple 5-point code- 
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selector type of supervisory control was installed, 
operated from Metuchen interlocking tower. 

One other installation was made of 5-point code- 
selector supervisory control. In this instance, 4 
switches again were involved. These switches are 
used to sectionalize the trolley circuits in Perth Am- 
boy. The need for remote electrical operation was 
apparent, but the nearest suitable control point was 
so located to make this type of control impracticable. 
Hence, supervisory control was again used operated 
from Perth Amboy interlocking tower. 


REMOTE METERING 


In all of the cases in which supervisory control is 
used to operate a trolley transformer substation a 
certain amount of remote metering is also required. 
The customary procedure when remote electrical 
control is used to operate a substation is to furnish 
the interlocking tower operator with meters giving 
him the following indications: 


Trolley bus voltage. 

Substation battery voltage. 
Current in each power transformer. 
Signal power generator voltage. 
Signal feeder voltage. 

Signal power generator current. 


When the supervisory control system is compara- 
tively short, it is perfectly feasible to obtain voltage 
readings over direct wire by means of a high resist- 
ance voltmeter, and this has been done. A-c read- 
ings of current and voltage, over long runs, are ob- 
tained by means of standard rectified current tele- 
metering. When a separate pair of metering wires is 
provided, any one metering indication can be read 
continuously without interfering with the normal 
operation of the supervisory control system. This 
arrangement has been provided in the case of the 6 
substations operated from Baltimore. When this 
latter installation was under consideration, the num- 
ber of control wires to be used was given considerable 


Fig. 3. Supervisory control boards in Philadelphia 
power director's office for Glenolden and Zoo sub- 
stations 
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study. On account of the importance of the sub- 
stations a separate pair for each substation is used for 
control and one single pair north and south of Balti- 
more is used to provide the metering indications for 
all substations. This was.felt to be a logical use of 
the available wires at the same time providing maxt- 
mum availability of the control circuits at all times. 

From the foregoing it can be seen that the only 
remote metering indications received in conjunction 
with the supervisory control systems are those which 
would obtain if the supervisory control were not 
used, and these indications are received by the opera- 
tor charged with the direct responsibility of control- 
ling the substation involved. 


CONDITIONS RECORDED BY REMOTE METERING 


In the general supervision of the transmission lines 
and power supplies, the system load dispatcher must 
be furnished with prompt and accurate information 
of all switching changes, load swings, and availabil- 
ity of equipment at the substations and power supply 
stations. Most of this information reaches him by 
means of direct telephone communication with the 
power directors and the operators at the supply sta- 
tions. However, load swings, the division of load 
between supply stations, and the interchange of 
power between the principal sections of the railroad 
are constantly changing, so that for a large system it 
becomes impracticable to follow these conditions by 
telephone. Since these conditions have a vital effect 


Fig. 4. 
power supply point, and associated watt-hour meters 
and system demand meters 


Individual telemetering recorders for each 


This recording equipment is located in the system load dis- 
patcher’s office 


View of part of system load dispatcher’s 
office 


Fig:05: 


Total load telemetering recorders are located directly in front 
of the dispatcher’s desk 


upon any switching operations on the transmission 
lines and on the starting up or shutting down of gen- 
erators a continuous record of such conditions is most 
necessary. 

With this in mind a complete power supply and in- 
terchange telemetering system was laid out and in- 
stalled, providing recorders and demand meters in 
the load dispatcher’s office in Philadelphia. 

Purchased power is furnished under 2 contracts, 
one including the territory north of the Susquehanna 
River at Perryville, and the other including the 
territory south of Perryville. The transmission cir- 
cuits normally are operated as a continuous line be- 
tween New York and Washington, so that power in- 
terchange metering also is required at Perryville for 
both active and reactive power. 

The telemetering indication of output kilowatts is 
brought over a pair of telephone wires from each 
power supply point direct to recorders in the load 
dispatcher’s office. (See figure 4.) For the shorter 
runs, thermal converter transmitters are used trans- 
mitting a proportional d-c voltage. For the longer 
runs, thermal converters and boosters or torque- 
balance telemeters are used, transmitting a propor- 
tional direct current. The current system instead of 
the voltage system is used on the longer runs in order 
to minimize the effect of induced voltages. 

The recorders at the dispatcher’s office are of the 
self-balancing potentiometer type. A total of 11 is 
used, 1 for each of the 7 power supply stations, 1 for 
the total on the northern contract, 1 for the total on 
the southern contract, 1 for active power interchange 
at Perryville, and 1 for the reactive power inter- 
change. In addition to this, by means of a special 
circuit arrangement energy is totalized for each con- 
tract and for the interchange. (See figure 5.) The 
hourly demands are indicated and recorded by means 
of conventional type demand meters. 

This telemetering system has proved to be a valu- 
able adjunct to the load dispatcher’s office and has 
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demonstrated an accuracy which is entirely practi- 


cable for proper supervision of the power supply to 
the electrification. 
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Modernization .: Power 
Distribution Systems 


Engineering and practice in electric power 
distribution systems have kept pace with 
modern developments in other lines. 
Many improvements in system design and 
in details of equipment and construction 
have been produced in recent years which 
make for economy, better service, greater 
safety, and better appearance. The most 
important of these are discussed with indi- 
cations of future trends. 


By 
H. P. SEELYE The Detroit (Mich.) 
MEMBER A.1.E.E. Edison Company 


Ti: distribution system for electric 
power supply offers a fertile field for “‘moderniza- 
tion.” It is characteristic of distribution that its 
earlier practices grew largely from ‘“‘practical’’ 
solutions of the problem of getting service to the 
customers, rather than from careful engineering 
study. The present widespread interest in dis- 
tribution costs indicates a recognition of the large 
amount of capital tied up in the distribution system 
and the opportunities for improvement and economy. 
Unfortunately, the idea seems to be somewhat preva- 
lent that distribution engineering has been back- 
ward and that improvements in distribution are to 
be looked for in some radical changes which are “‘just 
around the corner.” On the contrary, it is fair to 
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say that distribution engineering has kept pace with 
engineering in other lines, and that any system can 
be thoroughly modernized by practices now avail- 
able which have been well tried out by some of the 
industry. Future improvements are to be expected, 
of course, but major changes of a revolutionary char- 
acter are not to be anticipated, at least in the near 
future. This paper will discuss some of the modern 
phases of distribution, first in a general sense, then 
with reference to systems for serving loads of different 
density, and finally some of the more important de- 
tails of equipment and construction. 


MEASURE OF MODERNIZATION 


In order to define the limits of this discussion a 
measure of the term “‘modernization”’ is desirable. 
Whereas the word ‘‘modern’’ is sometimes applied to 
anything which is new and different, it is believed 
that in this case the idea of ‘‘styie’’ should be ex- 
cluded and the meaning should comprehend some 
more substantial advantage. There are 4 purposes 
which should be served by modernization—it should 
result either in better service, lower cost, greater 
safety, or better appearance. The best modern de- 
sign should accomplish all 4 if possible, but at least 
one of them should be served if a change is to be 
justified. Modernization in some cases includes the 
idea of rebuilding. The present discussion should 
not be limited by that, however, since frequently 
the possibility of rebuilding depends upon the age 
of the equipment, and must be deferred until de- 
preciation makes a change economical. The at- 
tributes of a modern distribution system will be 
presented without regard to their application to new 
or rebuilt construction. 


SERVICE REQUIREMENTS 


As a basis for the design of distribution it is neces- 
sary to consider the requirements of the service to be 
rendered. In general, a continual increase in the load 
density and energy consumption is to be expected 
for some time tocome. The possibilities offered by a 
widespread use of the larger appliances such as ranges 
and water heaters together with the normal increase 
in small appliances, refrigerators, air, conditioning, 
etc., indicate that loads in residential districts may 
be expected to grow in some places to densities 
several times those now common, with appreciable 
increase in load factor. Since the growth over the 
whole system will not be uniform, however, it is 
to be expected that even greater variation in loads 
will be experienced than now exists and it will be 


_very difficult to prophesy just what growth will be 


likely in any specific area. This points to the de- 
sirability of having a system which is as flexible as 
possible, that is, one which will be economical over 
as wide a range of loads as feasible, with a minimum 
of rebuilding. 

The quality of service which is demanded is also 
rising. As customers become accustomed to good 
voltage regulation, freedom from flicker, and infre- 
quent outages they tend to become less tolerant of 
inferior conditions. Furthermore, if electrical serv- 
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a—Paired circuits b—5-position station c—Primary network 


Different arrangements with small substations 


ice is to replace other facilities in such important 
functions of life as cooking, refrigeration, and heating 
it must have at least as good quality and reliability 
as the facilities replaced. Even on farm lines, where 
a high degree of reliability is difficult, such operations 
as milking, incubation, and soil heating will not 
endure long outages. One of the most serious prob- 
lems of the distribution engineer is how to supply a 
sufficiently good quality of service to meet the needs 
of modern use without spending more than can be 
justified by the financial return. 


SUBSTATION SIZE AND ARRANGEMENT 


The first of the specific features of a distribution 
system to be considered is the size and arrangement of 
substations. The present trend seems to be to- 
ward a relatively small size of substation feeding the 
load by a few short circuit-feeders rather than large 
substations with numerous circuit-feeders of various 
lengths. Several comparative studies covering spe- 
cific situations which have been published have 
indicated that this arrangement has an economic 
advantage.’~* In general, the reasons for this are: 


1. When the outgoing feeders are few and of about the same length, 
it is feasible to use bus regulation by means of automatic tap chang- 
ing equipment in the transformers. This is cheaper than regulation 
by individual, induction type, feeder regulators. 


2. Reduction in major outages due to use of shorter feeders. 


3. The small station allows station capacity to be increased by 
smaller steps as the load grows, thus saving in investment charges. 


4. The small station makes a more flexible system, since it can be 


1, For all numbered references see list at end of paper. 
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installed more quickly when required, and moved more readily if 
load conditions change. 

5. Some advantage in loading of transmission lines is claimed due 
to the better average loading on the smaller increments of station 
capacity, the transmission line being branched to pick up several 
stations. Also, if the transmission is interleaved, less reserve 
capacity is sometimes feasible, although this is not always possible 
on account of field conditions and methods of operation. 


Just how small the substation should be is a ques- 
tion which probably can be answered only by a care- 
ful study of location conditions. The answer will 
no doubt vary considerably for different systems. 


Fig. 2. 


Small unit substation, Altoona, Pa. 


One limitation might be the size necessary to avoid 
voltage dips from large motors or welding apparatus. 

Of several possible arrangements, other than the 
simple single units supplying one or more circuits 
radially, 3 are shown in figure 1. Figure la indi- 
cates a unit consisting of 2 transformers, each sup- 
plied from a separate transmission line and each 
serving one or more circuits, with an automatic 
throwover between them for emergency. Figure 1) 
is a station with 4 operating circuit positions and 1 
spare, the supply being normally from transmission 
line A with emergency throwover to transmission 
line B. The total firm capacity of such a station 
would run from perhaps 1,000 or 2,000 kva to 8,000 
kva depending upon the size of the circuits. 


PRIMARY NETWORK 


One application of the small substation, which has 
been used to some extent, and which has done a 
great deal in calling attention to the advantages 
of such units, is the so-called primary network.®® 
In this scheme, each substation unit consists of 1 
transformer with 4 circuits feeding out in different 
directions (see figure 1c). Each circuit is tied in to a 
circuit feeding from another station unit which is 
connected to a different transmission line. If 
several transmission lines can be interleaved satis- 
factorily, the reserve capacity necessary in lines and 
station units may be somewhat less than with the 
schemes previously described. The fact that the 
circuit feeders are all tied together into a continuous 
network for operation may sometimes be an ad- 
vantage in maintaining better voltage but may also 
prove to be a disadvantage in making the control of 
the loading on any unit more difficult and, if the 
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system is ungrounded, making it harder to locate 
grounds. Basically, the 3 schemes which have been 
suggested are not so very different and the best one to 
fit any local conditions may be chosen by a study of 
_ telative costs as applied to the peculiarities of the 
system in question. 


Unit TYPE STATION 


The development of the unit type substation has 
accompanied the trend toward the smaller station.® 
In general this consists of an outdoor-type trans- 
former with automatic tap-changing equipment, and 
with the necessary circuit breakers, wiring, and auxili- 
ary equipment all enclosed in weatherproof steel 
housings. The unit is mounted on a concrete mat or, 
if the housings are suitable for submersion, it may 
be placed in an underground vault. Various com- 
binations of equipment are possible. Such an in- 
stallation unquestionably makes for neatness and 
good appearance, as is apparent from figure 2, and 
has been used in several cities apparently with satis- 
factory results. Some companies, however, pre- 
fer to provide permanent shelter for operators and 
repairmen and for tools and other miscellaneous 
equipment. A small station building housing the 
circuit breakers and other equipment and also pro- 
viding for these facilities is an alternative to the out- 
door unit which is probably not widely different in 
cost. 


HEAvy DENSITY DISTRIBUTION—A-C NETWORK 


The a-c secondary network has been quite gener- 
ally accepted as the modern method of serving high 
density load such as is found in the downtown dis- 
tricts of the larger cities. A great deal has been 
written about this scheme of distribution so that not 
much needs to be said here regarding its characteris- 
tics or details except that it has proved to offer a 
satisfactorily reliable service for these loads for 
which the d-c network was formerly considered 
necessary. Considering secondaries only, the a-c 
network is naturally a more expensive form of dis- 
tribution than a radial system and hence its applica- 
tion should be limited to conditions where the service 
requirements warrant it. In some cases, however, 
an over-all economy has been obtained by the use of 
networks with primaries of the higher voltages, 
such as 13 kv or 26 kv, for which radial operation 
was not considered feasible, and by which intermedi- 
ate substations could be eliminated. In general the 
criterion for a network will be the ability of the 
customers served to endure outages of the frequency 
and duration which may be expected with the type of 
primaries and secondaries to be used. For very 
heavy densities and important loads this may in- 
dicate a network regardless of the type of lines. 
For lighter densities where occasional short outages 
may not be considered serious, the necessity for 
using underground primaries might be the deciding 
factor. Wherever, on account of congestion of 
structures, magnitude of voltage, restrictions against 
overhead lines, appearance, or any other similar 
reason it is necessary to resort to underground lines 
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for primary feeders, it is usually necessary, in order 
to give a high quality of service, to provide means for 
automatically maintaining service in case of failure 
of one of such lines, since underground lines require a 
relatively long time to repair. The extension of the 
use of networks into medium density areas in which 
overhead lines can be maintained is sometimes 
prophesied, but it is hard to see how this can be justi- 
fied, for some time to come at least, in view of the 
quality of service which it is possible to give with 
radially supplied overhead lines. 

A fairly recent development is the overhead type of 
network protector and transformer which allows the 
transformer and secondaries to remain overhead 
while the primaries are underground. This has a 
very useful application in areas where a complete 
underground network is anticipated, but where it is 
still possible to maintain pole lines, as on the fringes 
of a heavy-density network area. The cost of such 
an installation is appreciably less than one in an 
underground vault. In Detroit this scheme is 
being used throughout an area in which d-c service 
has been given but where a parallel a-c network is 
planned to take new load and gradually assume the 
old load. The transformer installations are as 
shown in figure 3. In most cases both underground 
and overhead secondaries are supplied from the same 
transformer, as required by the load and by the 
necessary tie capacity. 


Fig. 3. Overhead network transformer installations 
in Detroit 
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Fig. 4. Diagram of secondary bank 


MepiumM DENSITY DISTRIBUTION—SECONDARY BANK 


For medium-density areas such as the residential 
areas of towns and cities, where overhead lines can 
be maintained, the secondary bank scheme is re- 
ceiving considerable attention. This scheme is not 
new, having been used for many years in some cities, 
notably Detroit. The secondaries of several trans- 
formers are tied together, the transformer being 
protected by fuses on both primary and secondary 
sides, as in figure 4. A faulty transformer is thereby 
cleared from the system, leaving the secondary 
supplied from the other transformers in the bank. 
An essential part of the scheme is that the primaries 
be tied in rings rather than merely radial branches. 
The combination of these arrangements gives a high 
degree of reliability, and has the further advantage 
of maintaining better average voltage and of re- 
ducing voltage dips along the secondary, since un- 
usually heavy loads, such as motor starting currents, 
are divided between at least 2 transformers. 

A definite comparison of the reliability of the 
secondary bank scheme with that of radial distribu- 
tion is very difficult to make since other characteris- 
tics of any 2 systems are always somewhat different. 
One year’s record (1931) for 220 circuits in Detroit 
on a 4,800 volt ungrounded system, serving about 
185,000 kva, with 12,000 single-phase transformers, 
indicated that out of 480 cases of primary fuses 
blown or wires down, which might have been ex- 
pected to cause some interruption with a radial sys- 
tem, the banked secondaries and ringed primaries 
prevented or limited to one minute or less 424 cases 
and in 49 other cases reduced the extent of the inter- 
ruption. 

The ultimate reliability of the secondary bank 
scheme is sometimes questioned on account of the 
possibility ot the whole bank ‘‘cascading”’ due to a 
fault on the secondaries or in a transtormer, blowing 
the fuses on all the transformers in succession be- 
fore the fault is cleared. It is true that caretul de- 
signing of the system is necessary to prevent this 
occurrence and even then it will happen occasionally. 
The record of fuse blowing and bank failures in De- 
troit for a year will be interesting as an indication of 
what might be expected. There were quite a num- 
ber of such cases involving only 2 or 3 transformers, 
as might be expected since these cannot be con- 
sidered to constitute a satisfactory bank. There 
were 11 cases affecting 4 or more transformers and 
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in all of these only 1 side of the secondary was out of 
service, the other side remaining intact. A compari- 
son of the total amount of service interruption actu- 
ally experienced, with what would probably have 
been interrupted with a radial system indicated that 
there would have been about 5 times as much with 
the latter. Even with 2-transformer banks only, 
the radial system still showed nearly 2 times as much 
interruption. While 2-transformer banks are not 
to be recommended if larger ones are possible, this 
record indicates that they are still to be preferred to 
individual transformers from the standpoint of ser- 
vice reliability. Incidentally, this same analysis 
indicated a decided advantage, on the whole, for the 
“solid bank” scheme, with the secondary fuses in the 
transformer leads, over the ‘‘loose bank’’ scheme with 
the secondary fuses mid-way between transformers, 
although for the small banks there was comparatively 
little difference. 


SIZE OF SECONDARY AND TRANSFORMERS 


It has been shown by careful studies of compara- 
tive cost by The Detroit Edison Company and others 
that a moderate size of wire with medium sized 
transformers is appreciably cheaper for ordinary 
distributed loading than large wire and large trans- 
formers.’ In general, number 4 to number 2 wire 
seems to be the most suitable for load densities now 
encountered or to be expected for some time to come. 
From a standpoint of cost only, the smaller sizes 
usually show to advantage but when other factors, 
such as voltage dip, unequal distribution of load, 
and possible load growth are taken into account, a 
somewhat larger size may be advisable. In figure 5 
is shown a typical series of curves giving comparative 
costs of different wire sizes at various load densities, 
assuming a 2!/. per cent maximum voltage drop and 
with a limit placed on voltage dip. The Detroit 
Edison standard, which has been based upon such a 
study with consideration also given to a widespread 
use of electric ranges, with their fairly large concen- 
trated loads, calls for number 2 secondary with trans- 
formers of the required size spaced about 700 to 800 
feet apart. Some modifications of this are, of 
course, necessary in such cases as heavy commercial 
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or concentrated loads which require larger wire, 
or very light density where larger transformer spacing 
is suitable, but the standard is quite generally fol- 
lowed for ordinary average urban distribution. 


SCATTERED LOAD—FArRM LINES 


Perhaps the most outstanding new development 
in distribution construction in the past few years 
has been the long-span farm line for extending ser- 
vice into light-density rural territory. Prior to 
about 10 years ago such rural lines as were built 
followed, for the most part, the precedents set by 
urban construction, using weatherproof wire and 


fairly heavy poles spaced about 150 to 175 feet 


apart. Such construction was heavier than neces- 
sary for the conditions and hence more costly. The 
increasing demand for electrical service at a moderate 
price in rural territory stimulated the development 
of a type of line, based upon engineering design, 
which would be as cheap as possible, and yet be ade- 
quate mechanically and electrically for the require- 
ments of the territory. Bare conductors have 
become available which have the necessary con- 
ductivity and yet have higher mechanical strength 
than the copper, notably steel-reinforced aluminum 
and copperweld-copper. These allow poles to be 
spaced out to 400 feet or more without using exces- 
sive sags. Light poles, class 6 or 7, have been 
found adequate from both the theoretical and prac- 
tical standpoints. The details of construction have 
been simplified as far as possible. Further economy 
has been found in some localities by the use of 
straight right-of-way off the roads and clear of 
trees, thereby avoiding high poles, corners, and 
angles with their guying, and future maintenance 
due to tree interference. The result of all this has 
been a very appreciable reduction in cost of such 
lines, to less than half of the cost of the previous 
type in some cases. The Detroit Edison standard 
farm line, which is typical of this development and of 
which about 2,500 miles have been built, is shown in 
figure 6. It uses number 2 aluminum-cable steel- 
reinforced (ACSR) conductor, and class 7 pine poles 
at 400 foot spans, with a small separate transformer, 
in most cases at every customer. 


UNDERGROUND FARM LINES 


A very recent innovation in farm line construction 
has been the introduction of a special underground 
cable for this purpose. This cable is designed for 
single phase lines with one side grounded, such as a 
2,300 volt branch from a 4,000 volt line. In one 
type, the grounded conductor consists of a spirally 
wrapped, soldered, copper tape, which also con- 
stitutes the waterproof sheath, being itself protected 
by an outer fibrous covering. It is laid directly in 
the ground with a special plow. Although there is 
little conclusive data on its actual average cost or 
reliability, it seems to offer promise of being a suit- 
able construction, especially for locations where 
right-of-way is difficult and overhead lines rela- 
tively costly. Such underground lines have the 
advantages and disadvantages of other underground 
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Fig. 6. Standard farm line of the Detroit Edison 
Company 


lines in being not subject to lightning and storm 
troubles, but requiring special provision to be made 
for restoring service in a reasonable time if a fault 
does occur. It seems unlikely that an underground 
line can be built which will be as cheap as an equiva- 
lent overhead line under favorable conditions, but 
there are probably many situations in which a low 
cost underground line can be justified. In this 
connection it has been pointed out that where the 
primary feeder is of one of the higher voltages, such 
as 13,200 volt, the use of low voltage (2,300 volt) 
branches may be more economical, even with the 
necessary step-down transformers, on account of 
the lower cost of equipment, particularly distribu- 
tion transformers, fuse cutouts, and lightning 
arresters.° 


DETAILS OF CONSTRUCTION AND EQUIPMENT 


Of the infinite number of details of construction 
and equipment which enter into a modern dis- 
tribution system, space will permit only mention of 
a few which are particularly new or are of especial 
importance. These will be discussed briefly. 


POLES 
There has been, in general, a tendency in the past 


to use poles which were stronger than necessary 
for the loads to be carried. Within recent years an 
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“American Standard” classification of poles has 
been set up which allots a definite strength rating to of 
specific classes, with corresponding dimensions for 
any species of timber. This classification has been 
quite generally accepted and allows poles to be 
purchased which will fit closely the design require- 
ments. Furthermore, experience and tests have 
shown that excessive strengths are not necessary 
for reliability if proper attention is paid to the 
original design, to the depth of setting, and to main- 
tenance. Whereas class 2 or class 3 poles are quite 
commonly used in some cities for distribution lines, 
others find class 5 or class 6 satisfactory. Similarly, 
farm lines are frequently built with poles as large as 
class 4, whereas others, under similar conditions, 
use class 7. Modernization for economy points 
to the future use of poles which are not stronger 
than necessary. 

The use of treated poles is so general that little 
need be said about it. The fact that a well treated 
pole will last at least from 5 to 10 years longer than 
an untreated one should make it obvious that the 
relatively small increase in price is an economy in 
almost all cases except purely temporary construc- 
tion. 


CONDUCTORS 


Bare Wire. The fact that the weatherproof 
covering on wires constitutes very nearly 30 per cent 
of the total weight, and hence of the total cost, for 
wires number 0 and smaller, points to the economy 
in using bare wire wherever feasible. The modern 
long span farm line uses bare wire for primaries and 
in some places it has been installed for secondaries 
as well, although the trend is away from the use of 
secondaries on such lines. There has been consider- 
able interest lately in the idea of extending the use 
of bare wire into urban districts also, on the basis 
that the weatherproofing has little insulating value, 
except when new and dry, and might just as well be 
eliminated. While this may be true for outlying 
districts, this practice should be approached with 
some caution for congested urban territory on ac- 
count of the possible increase in outages. A great 
deal of foreign material is thrown across the wires in 
city districts, kite strings, fine wire and even larger 
objects. While weatherproofing is not an adequate 
insulation, it does offer some protection against out- 
ages due to this cause for voltages 5,000 volts or 
lower. In Detroit, 4,000 pieces of scrap material, 
which did not cause outages but were potential 
sources of trouble, were removed from the lines in 
one year. It would seem advisable from this stand- 
point to look for a better covering than the present 
standard weatherproofing for congested districts 
and use bare wire in outlying territory where the 
trouble from foreign material is not so prevalent. 
One or 2 conductor coverings are now being offered 
which give promise of being considerably better 
insulation than weatherproofing at not a large in- 
crease in cost. An increase in the spacing between 
wires is also a means of reducing outages from such 
cases where comparatively close spacing has been 
customary. 
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Figs de 


Cabled secondary, as used in Detroit 


Overhead Cable. Overhead cable for primary cir- 
cuits has been used in some places. This has the 
advantages of avoiding most of the troubles due to 
trees, storms, and foreign material and makes an 
improvement in appearance at a less cost than under- 
ground construction. It is subject to the same dis- 
advantage as underground cable, however, in re- 
quiring a relatively long time to locate and repair 
faults, and hence requires similar provisions for re- 
storing service quickly. 

Cabled Secondaries. A form of overhead cable for 
secondaries has been used to a small extent in De- 
troit in locations where a close spacing of conductors 
was desired to reduce the circuit inductance. (See 
figure 7.) This was built up in the field with in- 
dividual insulated wires for the phase conductors, 
supported on a bare messenger which was also the 
neutral. This is an economical and convenient con- 
struction for the purpose. 

Long Spans in Cities. Long spans of 250 feet or 
so have been suggested for city use, services being 
taken off by flying taps at mid-span. This is predi- 
cated on the savings to be accomplished by the 
use of fewer poles. While the practice may be suit- 
able for some cases, it is believed that, in general, 
where services are taken off frequently along the 
line, it will be found that the extra costs involved in 
high strength messenger, guying, additional pole 
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strength, and inconvenience in construction and 
maintenance will more than offset the savings on 
poles. 


~ TRANSFORMERS 


Impedance. There has been a tendency recently 
to demand considerably lower impedance for dis- 
tribution transformers than has previously prevailed. 
This has been actuated largely by the desire to re- 
duced voltage dips, and hence flicker in illumination, 
and also to allow greater overloading on short-peak 
loads. There are limits to which this can be carried 
economically and it has been pointed out that about 
21/, per cent impedance is as low as can be justified 
for small transformers.° It may be anticipated 
that some such value will eventually be generally 
adopted, probably grading up to something like 31/, 
per cent for the larger sizes—in fact such transformers 
are now available in certain types such as the 4,800 
volt transformers being bought under The Detroit 
Edison specifications. It is very desirable that a 
common standard table of impedances be agreed 
upon. If further reduction is found necessary in 
- certain cases it can probably be better obtained by 
using oversize transformers than by attempting to 
lower the general characteristics. The use of sec- 
ondary banks is another means of counteracting 
voltage dips which is somewhat more effective 
than the lowering of transformer impedance, since 
it lowers the drop on the secondaries as well as in 
the transformers. Another means which has been 
found useful where transformer locations are some- 
what limited and fixed is the use of small auto- 
transformers out on the secondary to balance 115 
volt starting currents across the 230 volt circuit. 

Loading. Considerable economy can be obtained 
in the modern system by taking means to insure that 
transformers are loaded as fully as possible. It is 
not uncommon to find average loadings less than 50 
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per cent of the transformer rating. If advantage is 
taken of the inherent overload capacity of trans- 
formers under the short-peak loads, which are char- 
acteristic of most of the residential and small com- 
mercial distribution, and of secondary banking to 
distribute the loading more equally, it is possible to 
increase this materially. In Detroit it has been 
demonstrated that it is possible to obtain an aver- 
age on all single phase transformers of 75 per cent 
or more in built-up territory and even of 100 per 
cent on some circuits. Since the difference between 
40 per cent and 100 per cent loading represents a 
difference in investment of about $8 to $10 per 
kilovolt-ampere of load, such measures are well 
worth while. Naturally, a higher per cent loading 
requires more careful attention to load determina- 
tion by periodic testing in order to avoid trouble from 
overloading. 

Lightning Protection. The economy of providing 
lightning protection in the form of an arrester at 
each transformer has been quite well established. 
Formerly the ground connection of the arrester was 
kept separate from that on the secondary neutral. 
In recent years the practice of interconnecting these 
ground connections has been demonstrated to be 
effective in reducing transformer failures and the 
service interruptions due to blown fuses. By this 
arrangement (see figure 8) the voltage applied across 
a transformer’s windings during the discharge of a 
surge is limited to that across the arrester, regard- 
less of the additional voltage which is necessary to 
pass the surge over the impedance of the ground 
connection. If the transformer windings are in- 
sulated so that they can withstand the arrester volt- 
age, failure is prevented. Modern transformers are 
being built with the insulation designed for this 
purpose. In some cases auxiliary gaps across the 
primary bushings are added to protect the windings 
further when the surge discharged is of such high 
energy that the arrester voltage is abnormally 
high. Transformers are available with the light- 
ning arresters inside the case, also with arresters in 
the primary entrance bushings.!°!! Some opera- 
tors prefer to use separate arresters, however, so 
that an arrester failure will not affect the transformer 
and also so that the lightning discharge will not 
pass through the primary fuses. There are several 
variations of the interconnection described, the 
transformer case being included in the ground con- 
nection in some, and case, neutral, and arrester 
ground being separated by small gaps in others, 
but the principle is much the same. Experience has 
shown, in general, about a 60 per cent reduction in 
transformer failures and an even greater reduction 
in fuse blowings when interconnection was introduced 
with present transformers, although these figures 
vary in different localities. }? 

Self-Protecting Transformer. A type of trans- 
former is being offered as being completely self 
protecting. In addition to lightning arresters in- 
side the case, a circuit breaker on the secondary side 
is also included for overload and short circuit protec- 
tion. Since the only duty remaining for a primary 
fuse is to remove the transformer in case of faults 
due to defective windings, leads, or bushings, this 
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fuse is incorporated as a simple link fuse under oil 
in the primary connections to the windings. This 
arrangement has the advantage of giving a com- 
pletely self-contained unit, requiring no auxiliary 
apparatus for its use. It has not yet had enough 
years of actual operating experience to prove con- 
clusively whether or not it will give as good ultimate 
reliability as the older type of fuse-arrester-trans- 
former combination. 

Farm Line Transformers. Considerable interest 
has been evidenced lately in a new type of trans- 
former designed particularly for economy in use on 
farm lines. The various features are reduced to as 
simple a form as possible—one primary bushing 
mounted in the cover, the other grounded side being 
connected to a stud in the tank, 3 secondary ter- 
minals, or possibly only 2, with the neutral of the 
secondary being connected inside to a stud in the 
tank. In some cases it is intended to use no fuses 
and no lightning arrester except a gap set to protect 
the windings, it being expected that these trans- 
formers will be used in conjunction with reclosing 
sectionalizing fuses or circuit breakers on the line. 
These will interrupt the whole branch in case of a 
fault or lightning discharge which does not clear, 
but will restore service if the fault is only tempo- 
rary. This equipment is too new to allow any con- 
clusions to be drawn as to its ultimate practi- 
cability or actual economy. 


REGULATORS 


The increasing demand for better voltage regula- 
tion on the modern system has led to more attention 
being paid to the automatic regulation of individual 
circuits. The induction regulator, which is a com- 
paratively expensive apparatus, has been the ac- 
cepted means for this purpose, where its cost could 
be justified. Where lines were so long that some- 
thing more was needed to keep the voltage up at the 
end, boosters have been sometimes inserted, but 
these have the disadvantage of boosting the voltage 
at light loads as well as heavy. Recently, a line of 
step-type regulators has been produced which seems 
to offer a good solution to many of these problems. 
These range in size and design from those suitable 
for substation use, with a series of small steps, giving 
results somewhat comparable to the smooth curve 
of the induction regulators, down to a simple, one- 
step, automatic boost for use on branches where the 
considerable voltage change will not be objection- 
able. It seems likely that this equipment will be 
used quite extensively as loads grow and better serv- 
ice is required. 


SERVICES 


The modern trend is decidedly toward the use of 
outdoor metering. The so-called “new sequence’ 
which allows the meter to be placed ahead of the 
service switch, stimulated this. The chief advan- 
tages are, quite obviously, the facilitation of meter 
reading and inspection and the reduction of current 
diversion. Socket type meters are available for 
mounting the meter directly, or boxes in which the 
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older type of meter may be enclosed are also in use. 

During the past year or so there have been quite 
extensive trials made of the use of concentric type 
service cable for the service drop from the pole to 
the house and down to the meter. (See figure 9.) 
This cable has usually been made with the grounded 
neutral conductor in the form of strands spiralled 
around the insulated 115 volt conductor, or con- 
ductors, the whole being covered by a weatherproof 
braid, with or without a protective taping of 
paper or fabric tape over the conductor. While 
such an installation presents a neater appearance 
than the open-wire service drop, it costs somewhat 
more. Its value in preventing current diversion is 
somewhat questionable as probably the greater part 
of such prevention is accomplished when the meter is 
placed outdoors. The cable on the house itself will 
usually cost less than the older type of service en- 
trance using rigid conduit. The use of concentric 
cable adds to the possibilities of troubles due to short 
circuited services if the insulation between the con- 
ductors is not fully adequate for the conditions im- 
posed, since the conductors are in close proximity 
for the whole length and protected only by the in- 
sulation and fibrous covering. Although rubber in- 
sulated conductors have been used to some extent 
for outdoor service for many years, there is still 
considerable question as to just what type of com- 
pound and of outside covering is necessary for long 


Fig. 9. Service with concentric service cable and 
outdoor meter 
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Fig. 10. New style distribution construction for 
better appearance 


service under sunlight. and other varying weather 
conditions. If considerable trouble is to be avoided, 
precaution should be taken in using these cables 
that the quality is such that they may reasonably be 
expected to give such service. 


APPEARANCE 


It is fair to say that the appearance of overhead 
lines has been quite largely disregarded in the past. 
Overhead lines have been considered as necessary 
evils which at best are no ornaments, so it wasn’t 
worth while to give much attention to making them 
look better as long as the construction was reason- 
ably neat and workmanlike. The only alternative, 
where better appearance was actually demanded, 
was to remove the lines entirely, placing them 
underground. When the large difference in cost be- 
tween overhead and underground lines is considered, 
however, it is evident that an appreciable amount of 
additional expenditure can be justified in improving 
the appearance of overhead lines if the change to 
underground can be thereby forestalled. 

There are any number of examples in any city of 
structures which have been subjected to ornamental 
design in order to make a virtue of a necessity, and 
at least to remove objections to their unsightliness. 
Chimneys, water towers, ornamental street lamp 


January 1936 


posts, and, going back to first principles, even the 
exteriors of residences and commercial buildings, 
have been architecturally designed so as to be in- 
teresting and decorative rather than merely utili- 
tarian. Even advertising signs have been changing 
character in that direction under pressure of public 
opinion. There is no basic reason why overhead 
power lines cannot be similarly treated from an 
architectural standpoint. It is quite likely that 
sooner or later this step in modernization will be 
taken. 

There are 3 steps in improving the appearance of 
the lines. The first is the reduction in congestion of 
the pole leads by simplification of the system and by 
placing the more important through circuits under- 
ground. The second step is in cleaning up the leads 
by doing away with unnecessary materials and spare 
wire positions, inaking the design as compact as 
possible; also, the placing of leads in locations off 
the main streets and roads, where they will be as 
inconspicuous as possible, is included. The third 
step, which has had little attention as yet, is the re- 
design of the structures, using different shapes and 
arrangements for the component materials, in order 
to introduce some architectural coherence and ele- 
ments of ornamentation. A step in this direction is 
shown in figure 10, which is a radically different con- 
struction that is being tried out by The Detroit Edi- 
son Company. Further details may be found in 
reference 13. The changes inade have not intro- 
duced additional cost. No attempt at ornamenta- 
tion was attempted, but only the introduction of a 
more pleasing configuration. Some such design is 
specially suitable for residential districts, whereas for 
commercial and industrial areas, present types of 
construction may be more suitable if made as neat 
and unobtrusive as possible by the application of the 
first 2 steps mentioned. 


ENGINEERING AND STANDARDS 


The most important element in the moderniza- 
tion of a distribution system is an adequate and 
competent engineering staff. It is not always recog- 
nized that the problems in distribution are many and 
complex and, for satisfactory solution, must have 
the careful attention of engineers who are technically 
trained and also have a background of experience 
and good engineering judgment. The amount of 
money invested in distribution and the economies 
and improvements possible, as indicated in this 
paper, warrant such attention. 

Even if the engineering work is of the highest 
caliber, there still exists the problem of insuring that 
it is properly carried out in field practice. Dis- 
tribution construction is so widespread and re- 
quires so many variations to meet specific conditions 
that it is very difficult to control it closely. It is 
essential that complete and definite standards for 
materials and structures be set up and enforced if 
the intended results are actually to be accomplished. 
A well engineered set of simplified standards will 
effect appreciable economy over construction which 
is merely built by each construction crew to meet 
what the occasion demands. The: Detroit Edi- 
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son Company has found it worth while to have line 
construction specifications which are complete to 
considerable detail. See reference 14. These are 
kept up to date by continuous attention and revi- 
sion and are enforced as strictly as possible. Mate- 
rials are completely standardized as far as this com- 
pany’s own organization is concerned and are nearly 
all bought under written specifications and subject 
to careful inspection upon receipt. By these means 
the type and quality of construction is controlled to 
follow the best that the engineering can produce. 


SUMMARY 


It is believed that the conclusion can be drawn 
from the foregoing discussion that distribution en- 
gineering has been diligent in keeping abreast with 
modern service requirements. The amount and 
quality of service demanded have been increasing 
and will probably continue to increase. The truly 
modern distribution system in both its general scheme 
and in its details has a flexibility which allows it to 
accommodate a wide range of loads with relatively 
small changes and yet do so with economy. It 
offers a service which is as free from interruptions 
and of as good voltage regulation as is required by 
the type of load carried, and foresees a general 
tightening of these requirements, and yet does not 
include excessive investment for a quality which is 
not really necessary. It takes account of the ap- 
pearance of its structures, that they be as unobtru- 
sive and unobjectionable as is practicable while 
retaining the obvious economy of overhead lines. 
In general, the modern distribution system is so 
designed and coristructed that “energy may be 
transmitted to the customer at the least possible cost 
consistent with good service.” 


REFERENCES 


1. THE PRIMARY NETWORK, R. M. Stanley and C. T. Sinclair. A.I.E.E. 


TRANS., v. 50, Sept. 1931, p. 871. 


2. FUNDAMENTALS OF DESIGN OF ELECTRIC ENERGY DELIVERY SYSTEMS, J. 
Allen Johnson and R. T. Henry. A.I.E.E. Trans., v" 52, Dec. 1933, p. 831. 


3. RapraL VeRsus Primary NEtTworK DistrisuTion, H, E. Wulfing. 
Enc. (A.I.E.E. TRANS.), v. 53, Jan. 1934, p. 38. 


ELEC. 


4. An Economic Stupy or SUBURBAN DisTripuTion, A. H. Sweetnam and 
C. A. Corney. Evsc. Ence. (A.I.E.E. Trans.), v. 53, Jan. 1934, p. 97. 


5. Primary Networx Economics, F. M. Starr. Gen. Elec. Rev., v. 37, Nov. 
1934, p. 486. 


6. APPLICATION OF THE PRIMARY NETWORK Unit, D. K. Blake. 
Rev., v. 35, June 1932, p. 302. 


7. SECONDARY SysTEM Economy, H. P. Seelye. 
1935, p. 21. 


8. WHat RurAL Primary VoLtaGe? E. V. Sayles. 
May 1935, p. 18. 


9. REALIGNING TRANSFORMERS WITH DisTRIBuTION, W. A. Sumner and Apis’ 
Hodtum. Elec. Wid., v. 105, June 22, 1935, p. 32. 


Gen. Elec. 
Elec. Wid., v. 105, Oct. 12, 


Elec. Lt. and Pur., v. 12, 


10. SuRGrE PRoor DisTRIBUTION TRANSFORMERS, J. K. Hodnette. 


leon Site, 
v. 29, 1982, p. 69. 


11. SURGE PROTECTION FOR DISTRIBUTION TRANSFORMERS, P. F. Squier. 
Elec. Jl., v. 29, 1932, p. 435. 


12. Group of papers on ‘‘Lightning Protection for Distribution Transformers,’’ 
C. Francis Harding and C. S. Sprague; K. B. McEachron and L. Saxon; A. M. 
Opsahl, A. S. Brooks, and R. N. Southgate; T. H. Haines and C. A. Corney; 
D. W. Roper; H. A. Dambley, H. N. Ekvall, and Howard S. Phelps. A.I.E.E. 
TRANS., v. 51, Mar. 1932. p. 234-71. 


13. DistripuTION Linges—1934 Monet, H. P. Seelye. 


Elec. Wid., v. 103, 
Apr. 21, 1934, p. 574. 


14. STANDARDIZATION OF LINE MATERIAL AND Construction, H. P. Seelye. 
Elec. Lt. and Pwr., v. 13, Sept. 1935, p. 16. 


84 


Lightning 
Arrester Economics 


Early applications of lightning arresters were 
hindered not only by high cost, but also by 
the general lack of knowledge of both the 
characteristics of lightning and the protec- 
tive characteristics of the arresters them- 
selves. Present knowledge of these fac- 
tors, however, achieved as a result of ex- 
tensive field and laboratory research, has 
made possible the production of arresters 
having greatly improved characteristics and 
at much lower costs, which has led to their 
extensive use for protecting transformers 
and other equipment. This paper presents 
a brief review of the history of lightning ar- 
resters, and discusses factors affecting their 
economic application to electric power 


systems. 
By 
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[ee ARRESTER eco- 
nomics is no different from any other economics en- 
countered either in the engineering field or inthe every- 
day business world. It is the old problem of bal- 
ancing total cost against total savings. The cost of 
an arrester and its carrying charges must be consid- 
ered in relation to items of greater damage to equip- 
ment, loss of service, incidental hazards, and some- 
times greater cost of equipment, where lightning ar- 
resters are not used. The problem is easily stated 
but not so readily solved, mainly because the funda- 
mental and necessary data have been altogether too 
scarce and sketchy to make possible even an approxi- 
mate solution. 

In this paper are given a brief résumé of the hectic 
early history of the arrester, reference to its more ma- 
ture growth (particularly in recent years), statistical 
data on actual service performance of arresters on dis- 
tribution and high voltage systems, a discussion of 
the factors affecting the economic application of 
arresters, and an evaluation of some of these factors. 


A paper recommended for publication by the A.I.E.E. committee on protective 
devices, and scheduled for discussion at the A.I.E.E. winter convention, New 
York, N. Y., Jan. 28-31, 1936. Manuscript submitted Nov. 6, 1935; released 
for publication Nov. 30, 1935. 


1. For all numbered references see list at end of paper. 
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' Earzty LIFE AND DEVELOPMENT 
OF THE LIGHTNING ARRESTER 


_ For a long time knowledge of the lightning arrester 
and its application were considered to belong ex- 
clusively to a special esoteric group. The average 
engineer thought, in fact, was made to think, that he 
had to, install a lightning arrester whenever he was 
dealing with a high voltage circuit and that if he did 
he was safe. That expected safety did not always 
materialize; but if equipment failed in spite of the 
installation of lightning arresters, there were always 
2 alibis. First, a “‘surge’’ was said to have occurred 
on the system. If that explanation did not suffice, 
_then the trouble could be explained as having been 
caused by the good old dependable ‘‘direct stroke.” 
Until quite recently, this second alibi has been re- 
peated with a frequency not at all warranted by its 
intrinsic merit as a true explanation of apparatus and 
equipment failure under lightning conditions. 

With the present knowledge of the lightning ar- 
rester and lightning phenomena, it is interesting to 
go back some 20 years and review the literature that 
has been written on the subject. In 1914 Nicholson 
said,’ “Frequently the question is asked—Are they 
efficient? Are they necessary? We operating people 
reply by saying, ‘Yes, they are necessary if you think 
so, the result being, most of us are afraid to leave 
them off.’’’ In the same year Steinmetz wrote, 
it occasionally happens that even a good 
lightning arrester fails to protect the coils of trans- 
formers. These failures mean merely that when we 
speak of lightning we do not know the nature of the 
surge ” The practice at that time is well 
brought out by a committee report? which shows, of 
23 companies reporting, 19 used arresters, 3 used horn 
gaps and resistors, and one used no arresters. This 
record confirms the first citation, ‘“‘most of us are 
afraid to leave them off.” 

While theory can give the basis for the design and 
application of a protective device, only the results of 
actual experience truly can confirm a practice. In 
this connection a committee report? in 1921 shows the 
pessimistic attitude among the operators. One com- 
pany said, ‘‘Past experience with lightning arresters 
makes it difficult, if not impossible, to justify their 
expense, particularly so at the higher voitages. 
Another said, ‘‘We finally, in 1912, stopped using 
them entirely, and our expense of maintenance has 
materially reduced.” In the same report is found, 
“Our experience with arresters (since 1910), however, 
soon demonstrated that it would be a cheaper thing 
to have spare transformers than ...... to repair the 
{aor arresters. We probably pay some penalty in 
first cost of rather expensive transformers, but we 
feel we are justified in getting the very best trans- 
formers and dispensing with the lightning arrester.” 
The next year, 1922, one of the then large users of 
lightning arresters wrote,*“..... the Institute might 
properly take’some steps to protect the smaller com- 
panies from the assault of the glib salesman 
who sells these interesting, sputtering things called 
arresters, and which actually serve no useful purpose 
except to the salesman.” 

However, only 2 years later, 1924, one may find a 
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more rational approach to the problem’ by Peek. 
He said, ‘‘The extent to which protection should be 
used is a combined engineering and economic prob- 
lem. The problem is to determine the 
strength of apparatus and the voltage to which it is 
likely to be subjected.” The introduction of the 
klydonograph and surge recorder at about this time, 
followed by the cathode ray oscillograph and other 
lightning measuring devices, and their extensive use 
in the field and laboratory brought the lightning 
arrester out from under its cloud of mystery into a 
clearer atmosphere of cause and effect. In a 1929 
paper on klydonograph studies of lightning arresters, ® 
one may read, “‘Much valuable information has been 
gathered in the last few years on the overvoltages 
which occur on transmission lines. ...... it has 
given a reasonable basis for determining the need for 
lightning arresters, their design, and their proper ap- 
plication.” 

To summarize briefly the record of the lightning 
arrester up to the present time, one finds: first, an 
expressed need on the part of engineers and operators 
for a protective device for application to lines and 
equipment subject to the effects of lightning; sec- 
ond, an attempt by manufacturers to meet this 
recognized need on the part of equipment users; 
third, a general tendency among designers and users 
of equipment to discard lightning arresters, alto- 
gether, in many instances, with the belief that eco- 
nomics and improvement in service had resulted 
thereby; fourth, 2 period in which a great deal of 
hitherto lacking data were gathered, which not only 
opened up possibilities for a study of lightning ar- 
rester phenomena and lightning protective devices, 
but also made possible a more rational application of 
these devices. The last period, however, is com- 
paratively recent, and the lightning arrester today 
still carries with it some of the disrepute that its 
early history brought on it. 


PRESENT STATUS OF THE LIGHTNING ARRESTER 


Present knowledge of lightning phenomena en- 
ables engineers to examine the problem of lightning 
arresters and their application more scientifically. 
Today, not only the characteristics of lightning, but 
also the arrester protective characteristics are better 
understood. Further, the impulse strength of appa- 
ratus and equipment is better known, as a result of 
the great amount of laboratory research and com- 
mercial testing that has been carried out over the 
past few years. 

In addition, the effects of ground resistance, ar- 
rester lead length, traveling waves, reflections, and 
steepness of wave fronts have been investigated in 
great detail, both theoretically and by field research. 
The phenomenon of displacement of, and rise in, 
dynamic voltages under fault conditions—another 
factor affecting arrester perforrmance—is better un- 
derstood. 

All these factors make possible fairly accurate pre- 
dictions of lightning arrester effectiveness under any 
particular set of system conditions. Therefore engi- 
neers actually can talk of lightning arrester economics 
and weigh the cost of protection obtained by light- 
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ning arresters against savings in less damage to equip- 
ment and fewer service outages, and do this in many 
instances on the basis of fairly reliable data. 


Broab ECONOMIC CONSIDERATIONS 


In considering lightning arresters and the problem 
of their economic application, the authors are fully 
aware that the problem of lightning arrester eco- 
nomics is only one phase of the general problem of 
economical protection of apparatus against light- 
ning. There are, for example, at least 2 other means 
of supplying protection against lightning: first, over- 
insulation, and second, a protective gap in one of its 
various forms. These latter 2 means of protection 
and the arrester itself, in fact, offer various degrees of 
protection more or less effective under different con- 
ditions of application; but none of them offers abso- 
lute protection. Sometimes it is more economical to 
supply only the partial protection offered by over- 
insulation or gaps, rather than the more highly de- 
veloped, perhaps partial, protection offered by light- 
ning arresters. Inso far as it is possible, therefore, the 
discussion will be limited to the economics of the 
lightning arrester itself, showing the general and de- 
tailed considerations involved in deciding for or 
against its use. In doing that, it must be realized, 


Table I—Study Made in March 1932 of Lightning Arrester 
Costs in Per Cent of Transformer Costs (All Installed) 


Transformer 2,300 Volts 6,900 Volts 
Rating, 
Kva 1 Arrester 2 Arresters 1 Arrester 2 Arresters 
UiiO mete otters. Sots CAM ee DSiizoalwsause SOs deta areca 60 
Bi te nese tance « DOG arena BOP atesceins DO eerie, ser 49 
Sawant cee 20 oe, ei cs yt le ain Se ae Px aS See ee ae 39 
(ls eaves VO eters weet 2 Ng ser LS Ne ois ereaeticls 31 
OWE G riers asta Si gees ay tens ene LO) ey eae ae DG: eiea nea chee 20 
HS rc Seas Cas LO Seats deccs 4 een neste LSin aes eenrae 21 
PN A es Tech hats vate’ LON ahvarad daahe OMY De. Lata 15 
RO ieere tes ta Ste Goi ere eertasn ets Gi bekats Gate et 10 


however, that such a decision often is impossible 
without a full consideration of the alternative meth- 
ods available under any particular set of conditions. 

The use of lightning arresters can be justified, in 
general, only if they are necessary to provide one or 
more of the following: 


Protection to life. 
Protection against fire. 


Protection of equipment and property. 


oO Np 


Protection of service. 


5. Reduction in cost of equipment. 


Economically the protection afforded, whether tangi- 
ble or intangible, must be equal to or greater than the 
resultant damage without protection. To evaluate 
each factor for each particular case encountered is 
often a difficult, if not impossible task; but often it 
can be shown that a consideration of only one or more 
of the foregoing items will justify the use of arresters. 

When it is impossible to place a definite monetary 
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value on some of these factors, and a consideration of 
the others does not point definitely to the economic 
advantage of arresters, the problem reverts to one of 
engineering judgment and experience; this has been 
the basis of arrester application in many cases, per- 
haps in most cases, in the past, rather than the rigid 
dollar economy appearing from calculated and esti- 
mated savings. 

Only within the past few years have any extensive 
data been available on the relative failure and fuse 
blowings on distribution transformers with and with- 
out lightning protection and with various types of 
protection. In general, progress in the lightning 
arrester field in the past few years has been along the 
lines of determining the impulse strength of appa- 
ratus, development of the lightning arrester to with- 
stand service conditions and still supply protection 
against lightning, and studying and investigating 
methods of applying arresters in service to accom- 
plish the desired results. Few data are available on 


‘electric systems on the cost of damage inflicted by 


lightning under the 2 conditions: with and without 
lightning arresters, respectively. 

The relative cost of arresters and the relative cost 
of equipment at different times forcibly enters the 
problem. The decreasing cost of arresters and vari- 
able price of transformers have changed the situation 
today over what it was 10 or 15 years ago. Fifteen 
years ago the cost of high voltage arresters was so 
excessive that very often the overinsulated trans- 
former was a far sounder choice. Today under simi- 
lar conditions a standard transformer and arrester 
give a less costly installation and better protection. 
In a recent case in the authors’ own experience, ap- 
plying a 132 kv arrester on a transformer under ideal 
conditions saved some 20 per cent in the cost of trans- 
former—an amount sufficient to cover the cost of the 
arrester installed. Here the arrester clearly was 
justified by considering only item 3 (protection of 
equipment and property). 

Commenting briefly on the foregoing 5 factors, it is 
difficult, in general, to assign a monetary value to 
items 1 and 2, although they sometimes can be evalu- 
ated. Item 4 is important but variable, and usually 
requires an engineering estimate based upon local 
conditions and experience. Item 5 is a definite figure 
in many cases, particularly in the high voltage field, . 
that must be evaluated for each particular case. 
Determination of item 3 requires considerable oper- 
ating data which have recently been forthcoming in 
ever-increasing volume so that this problem can be 
attacked, particularly in the distribution field, on a 
sound engineering basis. Some analyses of this prob- 
lem together with supporting data are given in the 
remainder of this paper. 


ARRESTER APPLICATION AND EXPERIENCE 


The consideration of arrester application can be 
divided into 3 separate voltage classes: distribution, 
medium voltage, and high voltage. The problems of 
rotary equipment and cables are quite special and 
fairly complex, and outside the general scope of this 
paper. The economics of the 3 voltage classes will 
be considered separately. 
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Table II—Experience of the Ohio Power Company With Distribution Transformer Lightning Protection 


Transformer Troubles With Various Types of Lightning Protection 


DISTRIBUTION SYSTEM APPLICATIONS 


Some time ago, in attempting to obtain a rational 
approach to the problem of protecting distribution 
transformers in the 2,300 and 6,900 volt class a study 
was made of the cost of lightning arrester protection 
in per cent of transformer costs. Table I gives the 
results of this study. The lightning arrester costs in- 
clude the expense of one ground rod installed. At 
that time (March 1932) with the meager experience 
data then available, the companys’ best judgment in- 
dicated that, taking general experience into considera- 
tion, no more than 20 per cent of the total cost could 
be allowed for lightning arrester protection for distri- 
bution transformers. On that basis, protection for 
7.5 kva and larger transformers requiring one light- 
ning arrester could be justified in both 2,300 and 
6,900 volt classes, but could not be justified itao 
arresters were required. Transformers in the 5 kva 
size barely could justify the use of arresters, and then 
only in the 2,300 volt class using one arrester. For 
the sake of uniformity, however, the practice was set 
up of installing no protection on transformers of 5 
kva and less in either voltage class. 

Since that practice was adopted, a field procedure 
was set up 2 years ago to obtain accurate data on the 
performance under lightning conditions of distribu- 
tion transformers in service, to obtain records of not 
only failures, but also the cost of such failures. 
These data for 1934 and 1935 on the property of one 
operating company are given in table Ti aA his 
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Arrester Arrester Arrester to Arrester to Arrester to 
No Arrester, No Arrester, Direct to Direct to Ground and Ground, Gap Ground and 
Case Case Ground, Case Ground Secondary to Secondary Case-Gap Cost of Trouble, 
Ungrounded! Grounded? Ungrounded! and Case? Neutral’ Neutral! Neutral! Dollars 

Kinds of Trouble No. %* No. %* No. %* No. %* No. %* No. %* No. %* Total Unit 
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record covers distribution transformers on 2,300 volt 
delta to 12,000 volt star circuits, being largely in the 
2,300 and 4,000 volt star class. A summary of the 
“damage’’ or trouble record is given in table III. 
It is shown there that even with standard arrester 
connection (to ground only) the troubles are from 
1/, to 1/. of those experienced with no arresters used; 
and with interconnection (arrester ground connected 
to secondary neutral either direct or through a gap) 
the troubles are 1/, what they are with the standard 
arrester connection.. These relative values hold for 
all troubles recorded—fuse blowing, burned out 
transformers, and minor damage (an item that in- 
cludes arrester failures). 

The record of arrester failures is given in table IV, 
where it is shown that the failures are 0.073 and 0.057 
per cent, averaging 0.065 per cent for the 2 years. 
This indicates a high degree of self-protection for the 
arrester, perhaps too high over a period of years, a 
situation that did not exist some years ago. 

Referring again to table II, the cost of repairing 
the damage has been segregated. The average unit 
costs are as follows: 


Renewite blowmetusean cores eat ccs cr eee as eee eee $1.68 
Repainingomteplacins tranclonn ehe ase eee naan nee 73.50 
Minor daiialg Grice tere tera ci epicenter ot ae iS Se Cee a ae 9.25 


These data, although obtained on only a limited 
number of transformers and over a period of only 2 
years, supply useful information on which to base the 
value of lightning arresters in reducing property 
damage. 
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Fig. 1. Cost of maintaining 2,300/4,000—1 20/480 


volt distribution transformers against lightning 


Solid line curves are for transformers without arresters; dashed 

line curves for transformers with one lightning arrester each. 

Percentages on the curves indicate annual rates of failure based 
upon the total number of transformers 


In attempting an approach to this problem of eco- 
nomics of arrester application to distribution trans- 
formers on a broader more general basis than the 
experience of a single company, a study was made of 
yearly costs per transformer of maintaining trans- 
formers against lightning, both with and without ar- 
resters. The results, which are shown graphically in 
figure 1, are from calculations based upon the fol- 
lowing: 

1. Transformers at current net prices. 
2. One lightning arrester per transformer. 


8. One ground rod per lightning arrester except for 6.9 kv trans- 
formers which already have one ground rod. 


4. Fixed charges, depreciation, maintenance, and replacement of 
arresters, 20 per cent (includes depreciation and failures at 9 per 
cent). 


5. Credit for damaged transformers, 25 cents per kva. 

6. Damaged transformer replaced by new one at present current 
price. 

7. Installation cost of replacing transformer: 5 kva, $10; 100 kva, 
$50; 500 kva, $100; other sizes, pro rata. 

8. Lightning arrester failures, 0.3 per cent. 


9. Transformer failures with arresters, 0.3 per cent. 


The group of curves in figure 1 show that, under 
the foregoing assumptions, lightning arresters pay 
their way on 15 kva and larger transformers in the 
2.3-4 kv class if the transformer failures without 
atresters be approximately 2 per cent; on 10 kva 
and more, with 3 per cent transformer failures; and 
on 5 kva and more, with 5 per cent transformer fail- 
ures. The first part of figure 1 has been redrawn in 
figure 2 to cover transformer sizes up to and includ- 
ing 15 kva, giving credit to the lightning arrester 
protection for a 21.6 per cent saving in fuse blowing 
recorded in the Ohio 1934-35 field experience. 

An analysis of the curves in figure 2 shows that on 
the basis of transformer maintenance alone, lightning 
arresters are justified on transformers of 10 kva and 
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Table IlI—Distribution Transformer Lightning Troubles During 
1934 and 1935 on the Ohio Power Company System 


Troubles, in Per Cent of Total Transformers 


Arrester 
With Usual Arrester With 
Trouble No Arrester Ground Interconnection 
Muserplowsonl yee tee Ol Ol een ras Yl LRP, 5 2.2 
Transformer burned out......... Dea ier tee eee O86b2 2.4 0.3 
IManonidaniag cme miata emer BU Wetter natn. ror 5-4 OAS ea see 0.22 
Totaly eases ees Ae as ee 29:6. ccit- ce ute ep eer mela ct PRE 


more for a 2.6 per cent rate of transformer failures 
without arresters; on transformers of 5 kva and more, 
for 3.6 per cent rate of failure; and on transformers of 
1.5 kva and more, for about 6 per cent rate of failure. 
It is interesting that the data in figures 1 and 2 were 
prepared prior to the availability of the data shown 
in tables II and III, and that the rate of failure for all 
transformers shown in table III without lightning 
arrester installations is 2.4 percent. This is approxi- 
mately the figure representing the rate of transformer 
failure justifying lightning arrester installations on 
transformers of 10 kva and more shown in figure 2. 

An analysis for distribution transformers in the 
6.6-11 kv class is given in figure 3, based upon the 
same considerations as figure 1. The results are 
similar but the capacities of transformers for which 
arresters are justified are slightly lower than in the 
2.3-4 kv range. 

It is interesting also to compare the American Gas 
and Electric Company’s 1932 recommendations for 
lightning arrester protection based upon the study 
in table I, with those of other operating groups and 
with the results shown in figure 2: 


Capacities of 
Transformers on Which Arresters Are 


Company Recommended or Justifiable 
Am, Gas & Elec. Co. 1932 Practice....... More than 5 kva 
Philadelphia Hlec) Covi) ware ae ae More than 15 kva 


.7.5 kva and more 

1.5 to 10 kva and more (transformers 
without arresters failing 2.6 to 6 per 
cent per year) 

Public Service Co. of Northern IIl.7.3...... Less than 15 kva (lower limit not 
given) 


Edison Elec. Illum. Co. of Boston’....... 
Studies embodied in figures 1 and 2....... 


Am. Gas & Elec. Co. 1935 Recom- 
MENGALLON ofr sheoueere «ele otelaten ticle eon All distribution transformers 


7,8. See references at end of paper. 


Although all these studies and recommendations 
were made entirely independently, the degree of 
agreement in practice and recommendations is re- 
markably close. It may be noticed from figure 2 
that on the basis of equipment savings alone, ar- 
resters on transformers of 1.5 kva cannot be justified 
except for a rate of failure on an unprotected basis of 
6 per cent. The experience cited in table III shows 
a rate of transformer failure alone on one system of 
2.4 per cent. The general experience on several 
systems’—® of the greater frequency of trouble with 
smaller transformers (generally twice as high for the 
smaller sizes as for the average), plus the further fact 
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! Table !V—Failures of Distribution Arresters During 1934 and 
1935 on the Ohio Power Company System 


=— 


== 


1934 1935 


BRIA DCT ASLAN CC estan, wae ais nite see aes We ee de titel A dears! des cc 15,139. . 


_ NFIGEIGTD RESIST Aa ented aan a a 1 ee i oo 
Per cent arrester failures, based upon number installed...... 0.073........ 0. ae 
Average per cent arrester failures (1934 and 1935).............. 0.065 


Lightning arrester failures = 15 per cent of troubles resulting in minor damage, 
which include arrester failures, cutout damage, and other miscellaneous troubles. 


that other cases of damage are reduced considerably 
when operating with an interconnected arrester, has 
led within the last 6 months to a decision by the 
American Gas and Electric Company to install ar- 
testers on all transformers regardless of size. An 
important item in connection with this decision is the 
extent of the distribution systems and therefore the 
increasing expense of servicing fuse outages, and also 
the greater amount of customer inconvenience from 
individual transformer outages. 


MEDIUM VOLTAGE APPLICATIONS 


In the medium voltage class, arrester application 
presents some of the problems of both the distribu- 
tion and high voltage classes. Arresters frequently 
are used to protect transformers only on a trans- 
mission line as is the case with the lower voltage 
transformers on distribution circuits. They are 
used also in stations where protection is sought not 
only for power transformers, but also for other 
equipment, including instrument transformers, bush- 
ings, bus supports, and the like. 

Transformers tapped to the line may be considered 


YEARLY COST PER TRANSFORMER — DOLLARS 


KVA PER TRANSFORMER 
Fig. 2. Cost of maintaining 2,300/4,000-1 20/480 
volt distribution transformers against lightning 


Solid line curves are for transformers without arresters on basis 

of 21.6 per cent blown fuses; dashed line curves for trans- 

formers with one lightning arrester each. Percentages on 

curves indicate annual rates of failure based upon total number 
of transformers 
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YEARLY COST PER TRANSFORMER — DOLLARS 
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Cost of maintaining 6,600/11,000—120/480 
volt distribution transformers against lightning 


Solid line curves are for transformers without arresters; dashed 

line curves for transformers with one lightning arrester each. 

Percentages on curves indicate annual rates of failure based 
upon the total number of transformers 


in the distribution class; on this basis, computation 
has been made as represented by the curves in figure 
4 showing the yearly cost of transformers when pro- 
tected by arresters and also when not protected. 
The basic data used are the same as those used for 
distribution transformers. It is shown clearly that 
considering maintenance cost only, the normal trans- 
former failure rate must be greater than 3!/. per cent 
to justify arresters on transformers with a rating of 
15 kva and less. With a transformer failure rate of 
3 per cent, arresters are justified only for transformers 
of 50 kva and more. It appears further from this 
analysis that except for the larger sized transformers, 
the use of arresters on medium voltage circuits will be 
determined by considerations other than the mere 
cost of maintenance. Thus when it is necessary to 
take into consideration the fixed charges of the addi- 
tional spare equipment, it usually will be found that 
lightning arrester installations in this voltage class 
can be justified with a failure rate considerably less 
than 3 per cent. 

For transformers in the 66 kv class similar calcula- 
tions show the same trend, the use of lightning arrest- 
ers being justified only for progressively larger trans- 
formers as compared with those of lower voltage 
ratings. For example, in the 1,250 kva size a trans- 
former failure rate of 10 per cent, and in the 3,333 
kva size a failure rate of 5 per cent is needed to 
justify lightning arresters on the basis of mainte- 
nance considerations alone. With a rate of failure 
of only 3 per cent, arresters cannot be justified on a 
maintenance basis alone in sizes up to a 15,000 kva 
bank. Here again, however, consideration must be 
given to items other than the mere maintenance costs, 
and these, in general, as already pointed out, will be 
of far greater significance and will have to be given 
the greater weight in any proper decision to use or 
not to use arresters. 

Overinsulation of transformers, as was stated here- 
inbefore, is one method of protection, partial though 
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Table V—Relative Costs of Lightning Protection for 500-Kva 
66-Kv Transformers 


Phransroriers Looky CeSti ir, ’: scrakis wenteekere so? ltere IKUDE SAR Aeda em eon ate 100* 
PP SUTGIOPEMErs LEO MEV LOSE ccc xis w oie gic amore Opn ere Ailey bom woot acm wR neR] YR Se ah 149 
PPetaTStOEInet LOSHEN. COSE. 6 cree ibis @ etyiaye oe tere «= PSM oe ict, ksuain Wareae eae 160 
Wizhtnine atrestersistalled. Gf ...2 2 6 eee 7 Ouran rn toate Oe 41 


* 1935 costs about 13 per cent higher than in 1925, but used as 100 for 1935 com- 
parison. 


it may be; and it was stated also that the relative 
cost of transformers and arresters at different times 
enter into the problem of determining the economic 
limits between which arresters can be applied. In 
this connection, the experience of the American Gas 
and Electric Company with 66 kv power transform- 
ers may be of interest. About 1918, engineers of the 
company were faced with the necessity of making a 
choice between the then standard insulated trans- 
formers with lightning arresters (generally aluminum 
cell type) and overinsulated transformers without ar- 
resters. Table V gives a summary of this situation, 
which continued substantially unchanged from 1918 
to 1925 (although by that time newer arresters such 
as the oxide film and autovalve types had been de- 
veloped), and also of the situation in 1935. The 
high cost of lightning arresters in 1925 added 76.5 
per cent to the cost of the transformers when they 
were used. The addition of 50 per cent to the trans- 
former insulation (198 kv test instead of the stand- 
ard 139 kv test) increased the cost of the transformer 
only 53 per cent. While, of course, it cannot be 
stated today that a triple test transformer is the 
equivalent of one protected with a modern lightning 
arrester, the general knowledge available in 1925 indi- 
cated that satisfactory service might be expected 
with the triple insulated transformer. The installa- 
tion therefore was made on the basis of overinsula- 
tion, and it is gratifying to find that after some 10 
years of service the absence of transformer failures 
has justified the decision made. 

In the second part of table V, the comparison of 
overinsulated transformers on today’s basis against 
a standard transformer with a modern lightning ar- 
rester gives an entirely different picture. Assuming 
a transformer today with a cost of 100 per cent, over- 
insulation increases the cost of the transformer 60 
per cent while the use of a standard lightning arrester 
installed adds only 41 per cent. Therefore, it is 
cheaper at the present time, in this particular size 
and voltage class, to install a standard insulated 
transformer with a lightning arrester than to use an 
overinsulated transformer with its less certain pro- 
tection against lightning surges. Thus the change in 
cost of transformers and lightning arresters, and par- 
ticularly the reduction in the cost of lightning ar- 
resters, warrants their use today in this case where 
they could not be justified some 10 years ago. 

Analysis made so far has dealt largely with the use 
of the single lightning arrester to protect one trans- 
former, and the yearly maintenance costs presented 
have been set up on that basis. When lightning 
atresters are applied in substations, however, even 
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though the arrester be installed close to the trans- 
former, it reasonably may be assumed that the pro- 
tective influence of the arrester extends farther than 
the terminals of the power transformer—in fact, to © 
such equipment as bushings on circuit breakers, cur- 
rent and potential metering devices, reactors, and 
similar equipment. Just how far this protection ex- 
tends will depend on the strength of the insulation to 
be protected, the arrester voltage characteristics, 
ground resistance, and distance between the arrester 
and such apparatus. Taking these factors into con- 
sideration, there may be many cases where a light- 
ning arrester, considered for installation on a single 
transformer bank forming part of a substation that 
has several high voltage lines, cannot be justified 
from a consideration of the protection given to the 
single transformer bank, but can be amply justified 
when considering the protection, even though partial, 
afforded by the arresters to the equipment associated 
with the various lines. 


HIGH VOLTAGE APPLICATIONS 


The problem of applying arresters in the high 
voltage field assumes greater importance, and 
probably has been given more careful consideration 
than in lower voltage ranges. The cost of equip- 
ment involved, the loss of service, and possibility of 
long interruptions and of attendant damage is high; 
but here again, until recent years, arrester applica- 
tion has not been on a particularly sound basis. 
To add to the difficulty, reliable statistical data 
have been almost nil. Unfortunately, the data on 
the performance of equipment of this voltage class are 
still meager and scattered, perhaps because those who 
have had trouble without arresters have been reluc- 
tant to air their troubles, and because those who did 
use arresters and ‘had few failures have apparently 
had little to report. 

On the 132 kv interconnected system of the Ameri- 
can Gas and Electric Company, arresters always have 
been installed at all important stations, only 13 per 
cent of the transformers numerically and 0.8 per cent 
in kva capacity not being protected by arresters. 
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1 The complete record of the transformers under light- 
ning conditions since the first transformers were in- 
stalled in 1918 is given in table VI. This group of 
_transformers, totaling 1,380,154 kva, comprises 159 
(equivalent single phase) transformers, and covers a 
service record of 1,530 transformer years. Of the 
transformers having lightning protection, the fail- 
ure record from lightning has averaged 0.39 per cent 
per year. This rate of failure is one obviously not to 
be regarded with equanimity. It indicates, for ex- 
ample, from 47 bank installations an expected aver- 
age failure of one every 2 years. That the failures 
have been as high as they were in spite of the use of 
lightning arresters, is ascribable to several causes pre- 
viously pointed out,!° as well as to the lack of co- 
ordination generally between the arrester design and 
the design of the transformer it was intended to pro- 
tect: 

One solution of this is undoubtedly the overinsu- 
lated transformer. Of the failures on transformers 
recorded in table VI, none occurred on overinsulated 
transformers whether lightning arresters were in- 
stalled or not. The present objection to overinsula- 
tion in large installations, however, is the cost; and 
although the use of overinsulation has been justified 
in the past, it would appear that at the present time, 
with a better knowledge of co-ordination available, 
properly applied lightning arresters can give an 
over-all cost of equipment that is less than can be 
obtained by overinsulation, and better protection 
also should result. 

A clearer insight into some of the underlying rea- 
sons for the performance data shown in table VI can 
be obtained from the analysis shown in table VII. 
Here have been assembled the best available data on 
protective characteristics of the arresters and the 
insulation strengths of transformers in the 132, 66, 
and 33 kv classes in general use on the American Gas 
and Electric system. Some of the early arresters 
and many of the later ones in service were of types 
A and B, and it is believed that an examination of 
table VII will disclose the reason why some trans- 
former failures with arresters installed did occur. 
However, as the knowledge of lightning phenomena 
and of arrester performance improved, and with the 
operating experience obtained with types A and B 
arresters as a background, arresters gradually were 
changed to type C, and in 1933 practically ail the 
old type of arresters were altered to type D. Since 
then there have been no transformer failures on the 
132 kv system, although 3 arrester failures have 
occurred. Thus, the failures have been transferred 
definitely from the equipment to be protected to the 


Table Vi—Lightning Experience of American Gas and Elec- 
tric Company on 132 Kv Power Transformers (Single Phase 


Basis) 


1,380,154 


Total transformer capacity connected—kva......-.-- ++ ++ sere ee eres ies 


Number of transformers (single phase equivalent).........-.+-.++++> 
Transformers protected with lightning arresters....-.-..-.++----+05 
Transformers without lightning arresters.........-- +. sere ee ee eeees 
Transformer years of service with lightning arresters...........--+++> 
Transformer years of service without lightning arresters.......------ 
Transformer failures with lightning arresters.........--- esse eerecs 
Per cent transformer failures per year with lightning arresters........ 
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Table Vil—Protective Characteristics of Lightning Arresters, 
as Used With Transformers on American Gas and Electric 
Company System 


re 


Impulse Voltage Characteristics (Kv) 


Circuit Voltage 132 Kv 66 Kv 33 Kv 
Short Long Short Long Short Long 
Type of Arrester Time Time Time Time Time Time 
Ae ER yee Oe. a ete 1,050 584 525... .292 262. 146 
Bvijain ce tanpticre Sere nO GL ae OS. 2 01 459%) 4.26407, .22300. Lew 
Going ee oe ee ERT 720....400 360...:200 180 100 
| D PON eget oh Ae are c ois, PNA G35 cao ee ote Lin el COM LOO Oe eee 
E (modern 100% eee anne oe ae ne O40 OOD a 2h Omer SOO mers OnE OO 
F (modern reduced!).............. 430. 45007 220. eel nel Loin lite 
Safe dielectric strength (Max........ UPAR Sie kA ASOt errata 210 
of transformer insula- {Min........- 455 Wecctewes DBS truce entienete 210 
tron] (CAVet ie rice nbs = SID. ay aaee we B00 TS oo. arees 210 


1, Catalog data. S 
2. Based upon manufacturer’s estimate of strength of transformers in actual 
service on the system. 


protecting equipment, which is a change in the right 
direction. However, it is believed that in the long - 
run further study of the problem will make possible 
a reduction, if not elimination, of arrester failures. 
It is possible that the reduction in the number of 
active elements in the arrester has resulted in a situa- 
tion where the safe cutoff value of dynamic voltage 
on the arrester is very close to its limit, but so far the 
plan apparently has proved effective in supplying 
protection to the transformers, and this is in accord- 
ance with what would be expected from close co- 
ordination of lightning characteristics. Considering 
that with each year of additional service of the trans- 
former there is reason to believe that the transformer 
loses some of its strength, the experience with such 
operation obtained so far, although not conclusive, 
definitely seems to indicate that it is possible to ob- 
tain 100 per cent operation with a properly applied 
arrester of modern design or one that has been 
brought up to date. 

It is interesting to study the comparative main- 
tenance costs of high voltage transformers with and 
without arresters on the same basis as was followed 
for distribution and medium voltage transformers; 
this has been done in figure 5 for 132 kv transformers 
using the same basic set-ups as for figures 1, 3, and 4, 
with the following exceptions: 


1. Standard type lightning arrester fixed charges assumed at 15 per 
cent (instead of 20 per cent). 


2. Cost of repairing damage, 20 per cent of initial transformer cost 
(instead of complete replacement of transformer). 


It may be seen from figure 5 that lightning arrest- 
ers supplying protection to one transformer only 
cannot be justified on a maintenance basis on trans- 
formers of any size where the normal transformer 
failure rate is less than 3 per cent. Where the failure 
rate is 5 per cent, they are justified only for trans- 
formers having capacities greater than 8,000 kva, 
and where the failure rate is 10 per cent, only for 
transformers of more than 2,500 kva. Both these 
rates of failure, i.e., 5 and 10 per cent, are normally 
far in excess of anything generally likely to be en- 
countered in service. Here again there is usually so 
much additional equipment in a normal 132 kv sta- 
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tion that the total maintenance cost of the arrester 
must be apportioned to all equipment it protects, to 
reach a proper basis of protection costs, and this 
must be worked out carefully for each individual case. 
However, in the great majority of the 132 kv sta- 
tions on the American Gas and Electric system, the 
importance of continuous service is such a large item 
in a total evaluation of the annual cost of the sta- 
tion that arresters have been used in approximately 
90 per cent of the installations. In the remaining 10 
per cent, overinsulation has been employed either as 
part of the original design or as part of the rebuilt 
job, subsequent to failure. 

Reduced Insulation Transformers With Lightning 
Arresters. Experience with overinsulation with or 
without lightning arresters, and particularly the ex- 
perience with lightning arresters as progressive co- 
ordination was brought about between the protective 
level expected to be maintained by the lightning ar- 
rester and the insulation strength of the transformer 
to be protected as shown in table VII, brought this 
out forcefully: If a lightning arrester can be relied 
upon to maintain voltage levels on a transmission 
system of the order shown by type F in table VII, 
then transformer insulation levels considerably be- 
low those being employed as standard at the present 
can be used entirely successfully and yet give a grade 
of reliability considerably superior to what was pos- 
sible with standard transformers and standard ar- 
resters, say, of the 1925 type. It is obvious that the 
savings this would make possible would increase pro- 
gressively as the voltage increased and as the size of 
transformer is increased. 

This is clearly shown too in figure 5 where the 
savings possible with the reduced insulation trans- 
former have been plotted for 132 kv transformers of 
various sizes. The curve shown as a heavy line is 


SAVINGS WITH ARRESTER 
+ REDUCED INSULATION 
TRANSFORMER 


(0.3% TR.&LAA. 
FAILURES) 
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c— — — 
NO FAILURES 
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Fig. 5. Cost of maintaining 132 kv transformers 
against lightning 


Solid line curves are for transformers without arresters (except 

one which is labeled otherwise); dashed line curves for trans- 

formers with one arrester each. Percentages on curves indi- 

cate annual rates of failure based upon total number of trans- 
formers 
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based upon 20 per cent saving in initial transformer 
cost by using reduced insulation levels, balancing the 
fixed charge of the arrester plus 0.3 per cent failures 
of arresters and transformers (assumed) against the 
fixed charges on the 20 per cent additional price for 
transformers not equipped with arresters. Fixed 
charges on this item have been taken as 12 per cent, 
and the curve shows the calculated yearly saving by 
using one arrester per transformer on the foregoing 
basis. Thus it appears that even though it be as- 
sumed that 0.3 per cent transformer and arrester 
failures occur on a properly co-ordinated lightning 
arrester transformer installation, and considering 
the arrester to provide benefit to no piece of equip- 
ment in the station other than the transformer, there 
still results a net saving for transformers of all sizes. 
greater than 2,500 kva, and this item becomes quite 
appreciable in transformers of the larger sizes. 
Thus, for example, in the 16,333 kva size the saving 
amounts to $600 per transformer per year, compared 
with a standard transformer without any protection at 
all, and assuming no greater rate of failure for this 
unprotected transformer than for the protected trans- 
former with reduced insulation. 

Considerable transformer and lightning arrester 
application along these lines actually has been carried 
out on the system with which the authors are asso- 
ciated, and this, it is believed, is an outstanding re- 
sult of the work carried out in the last 10 years on in- 
sulation and lightning arrester co-ordination. Typi- 
cal cases where this has been done are given in the 
following paragraphs. 

Recent Examples of Arrester and Transformer Insu- 
lation Co-ordination. One of the first transformer in- 
stallations made by the American Gas and Electric 
Company to take advantage of the more definite 
knowledge of the protective characteristics of the 
arrester and insulation strength of the transformer is 
that of a 138-kv 30,000-kva bank of transformers in- 
stalled in 1934. Two means were employed to re- 
duce the cost of this installation to a minimum: 
First, the transformer was built with reduced insula- 
tion, receiving an induced test of 219 kv against the 
standard test of 277 kv. Second, the lightning ar- 
rester design was studied with the purpose of re- 
ducing its rating within practical limits and thereby 
lowering its terminal voltage under lightning con- 
ditions. In addition, the lightning arrester was lo- 
cated to supply maximum protection by mounting 
the arrester directly on the transformer tank. The 
transformer with lightning arresters (both 132 kv 
and 33 kv arresters) mounted on the tank is shown in 
figure 6. By adopting this plan, the savings in the 
first cost amounted to approximately 22 per cent over 
the cost of a standard insulated transformer. In 
addition, the cost of the lightning arrester and its 
installation also was reduced. This transformer has 
been in service through 2 lightning seasons and so 
far has given perfect operation. 

The second installation is that of a 3-phase 138-kv 
5,000-kva transformer where the transformer insu- 
lation was cut to a 231 kv test as compared with the 
standard of 277 kv. The lightning arresters were 
mounted as close as possible to the transformer tank, 
but not on it. The savings in transformer cost 
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amounted to slightly more than 20 per cent, and this 
transformer also has given satisfactory service 
through one lightning season. Neither the trans- 
former nor the arrester ratings were cut to the ex- 
treme limit in this case, although a reduction in the 
standard practice for each was made. 

The third case refers to a 1,500-kva 3-phase 138- 
kv transformer designed for standard test voltage 
and using a lightning arrester mounted on the trans- 
former case. The arrester was of reduced rating. 
This selection was made in preference to an overinsu- 
lated transformer. The saving in first cost of the 
transformer here again was more than 20 per cent by 
taking advantage of lightning arrester application 
and obtaining the maximum protective value of a 
reduced rating arrester. 

As a fourth instance, the company is putting into 
service at the present time a 40,000-kva 138-kv bank 
of transformers with reduced insulation having an 
induced test of 219 kv compared with the standard of 
277 kv. Here also the lightning arrester is of re- 
duced rating and will be mounted directly on the 
transformer case. 

The fact that satisfactory service has been ren- 
dered through 2 lightning seasons by the transformer 
where both the insulation and lightning arrester 
ratings were cut to the limit indicates not only the 
practicability of the scheme, but also that substan- 
tial savings can be effected by properly applying 
present knowledge of impulse strengths of insulation 
and protective value of arresters. The authors be- 
_ lieve what has been reported here is only a beginning 
in the type of work that will be done in the next few 
years along the lines of applying lightning protection 
to transformers at a reduced over-all cost. 


SUMMARY AND CONCLUSIONS 


1. The early disrepute of the lightning arrester was attributable 
largely to lack of fundamental data on the protective characteristics 
of the arrester, of safe insulation strength of the apparatus to he pro- 
tected, of knowledge of lightning phenomena, and of mechanical de- 
fects of the arrester itself. 


2. The intensive study and research on the problem of protecting 
apparatus against lightning, carried out largely within the last 10 
years, have yielded a knowledge of lightning phenomena which gives 
promise of producing an arrester that, although not perfect, will be 
substantially effective in supplying protection without being a hazard 
to operation. 


8. In the distribution field, the arrester in general clearly pays its 
way on a maintenance basis only in protecting transformers in ca- 
pacities of 15 kva and more. For transformers of all capacities. it 
pays its way where the normal rate of transformer failures is high, 
and it usually can be justified, except under unusual conditions, for 
all capacities if consideration be given to factors other than mainte- 
nance cost. 


4. Inthe medium voltage field the arrester is not so easy to justify 
as in the distribution field, and considerations other than mainte- 
nance cost usually must be taken into account to determine the ad- 
visability of its use. 


5. Where high grade protection is required in the medium voltage 
field, it is usually cheaper in first cost at the present time to use stand- 
ard insulation and a lightning arrester than to use an overinsulated 
transformer without arrester, with the degree of protection to be ex- 
pected greatly in favor of the arrester. The same applies to the 
high voltage field with a distinct annual saving indicated for the 
arrester equipped transformer in transformers of 2,500 kva and more. 


6. In applying arresters to high voltage equipment, it is most eco- 
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Fig.6. A132- 
33 kv transformer 
with co-ordinated 
lightning arresters 
mounted on trans- 
former tank 


nomical to eliminate the arrester from the line entrance and install it 
close to or on the equipment that is in most need of protection. 


7. By co-ordinating the lightning arrester and transformer insula- 
tion, first cost savings in the order of 20 per cent or more have been 
made on recent high voltage transformer installations of both large 
and small ratings. 


8. By derating the arrester in the higher voltage classes on solidly 
and effectively grounded neutral systems, further savings in first 
cost and maintenance are possible. 


9. Lightning arresters on high voltage transformers usually can be 
justified (as compared with standard transformers without arresters) 
on the maintenance basis alone, without considering the protection 
afforded other equipment in a station, although this feature as well as 
other considerations such as protection to service and the like are 
equally or more iinportant and must be considered in determining 
the over-all economy of the arrester. 


10. The broad lightning arrester problem, including lightning ar- 
rester economics, is related closely to the other broad problem of sta- 
tion protection, which is beyond the scope of the present paper. 
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Sliding Contacts— 


Electrical Characteristics 


Experiments with oxidized and oxide-free 
materials indicate that the electrical char- 
acteristics of the ordinary sliding contact, 
such as that between a carbon or graphite 
brush and a copper slip ring, are dependent 
upon the oxide film on the surface of the 
ring. Results of these experiments are 
presented in this paper, together with an 
explanation of the breakdown of this oxide 
film by the increase of current through the 
contact, based upon these results. Tests 
to determine the effects of liquid films on 
the contact voltage drop, and the variation 
of thermal voltage in a sliding contact also 
are reported. 


By 
R. M. BAKER 


ASSOCIATE A.1.E.E. 


Westinghouse Elec. and Mfg. 
Co., East Pittsburgh, Pa. 


a Fai paper is intended to expand and 
furnish further experimental evidence to substantiate 
the view on sliding contacts exposed by the writer in 
2 short articles published recently,’ and like these 
earlier articles will deal principally with the effect of 
oxide films on the electrical characteristics of sliding 
contacts. The simple experiments described are so 
far from being a thorough investigation of the elec- 
trical behavior of sliding contacts that the writer 
hesitates to publish them. However, they illustrate 
the effect of oxide films very nicely, and are unusual 
enough that they perhaps may attract the interest 
of others working in the field and thus lead to some 
really thorough investigations. The principal find- 
ings and conclusions reached are briefly: 


1. It is shown that the oxide film on the ring surface accounts for 
the electrical characteristics of ordinary sliding contacts. This 
film is broken down by the passage of current, and the contact re- 
sistance, therefore, decreases with increasing current. The process 
of breakdown is probably through the building of metallic bridges 
out through the oxide. 


2. Liquid films can affect contact drop directly only when these 
films are of oil or some other liquid having a low vapor pressure. 
Water films probably produce a very desirable lubricating effect in 
a sliding contact, but do not tend to raise the brush off the ring and, 
thereby, increase the contact drop. The water films which lubri- 


A paper recommended for publication by the A.I.E.E. committee on electrical 
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cate the contact are thin in comparison with the unevenness in the 
contact and are extremely tough. The current flows through these 
very thin films with no appreciable loss in voltage. 


3. Appreciable thermal voltages can be measured in a sliding 
contact if the ring carries an oxide film. These voltages disappear 
immediately when the oxide film is removed by sanding the ring 
surface. 


BREAKDOWN OF THE OXIDE FILM 


Since one of the most outstanding characteristics 
of sliding contacts is the change in contact resistance 
with current, this will be used to test the idea that the 
contact resistance of the sliding contact between a 
brush and a rotating slip ring is governed by the 
existence of an oxide film on the surface of the ring 
and the process by which this film is broken down or 
repaired as the current through the contact changes.. 
For the sake of definiteness the contact will be as- 
sumed as that between a carbon or graphite brush 
one square inch in area, operating with a pressure 
of 2.5 pounds on a copper slip ring. The behavior of 
such a contact depends somewhat on polarity, but 
this refinement may be omitted in the preliminary 
discussion. 

If the contact is carrying a current of 50 amperes, 
its resistance will be about 0.02 ohm. This is the 
condition under which the contact normally would 
operate in service. Assume now that the current 
through the contact suddenly is reduced to 2 milli- 
amperes. The voltage drop in the contact at first 
will be very low; but if’one calculates the resistance 
of the contact from the readings of contact drop and 
current through the contact just after the current has 
been reduced, the resistance will be found to have 
risen to a value 3 or 4 times as high as it was with 50 
amperes flowing. This is a very small increase in 
comparison with what may be observed if the con- 
tact continues to operate at the low current. After 
an hour or so it will be found that the contact drop 
has risen to perhaps 0.3 volt and the contact has a 
calculated resistance of 150 ohms, or 7,500 times the 
resistance observed at a current of 50 amperes. The 
building up of this high resistance in the contact is 
associated with the formation of an almost continuous 
semi-insulating layer of oxide on the surface of the 
ring. The formation of this film is greatly acceler- 
ated by the polishing action of the brush, for the 
brush plasticly deforms the small irregularities on 
the ring surface and thus hastens oxidation.? A 
good demonstration of this effect can be had by 
scratching a line with a sharp instrument across the 
surface of a piece of copper, and allowing the piece 
to be exposed to the air for several days. A bright 
red band will form along the sides of the scratch 
demonstrating the increased thickness of oxide in 
that region. The small rapid increase in contact 
resistance when the current is first reduced will be 
explained later. 

If, after the contact has been carrying the low 
current for some time and the contact resistance has 
reached a value of 150 ohms, the current suddenly 
is increased to 50 amperes, one might expect the 
appearance of a very high voltage in the contact. 
If there were no change in contact resistance at the 
instant when the current is increased, the contact 
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drop would be 7,500 volts, which is of course absurd. 


As a matter of fact, an oscillogram of the contact 


drop taken under these conditions shows the contact 
drop at the instant of throwing the 50 amperes 


_ through the contact to be only slightly greater than 


it is after steady state conditions are reached. It 
might be argued that the magnetic oscillograph is too 
slow to record the phenomenon; but it must be 
remembered that if the cause of the high contact 
resistance at the low current is ascribable to the 
oxide film on the ring surface (later this will be shown 
to be true), the breakdown process must continue in 
the contact for one complete revolution of the ring, 
and such a slow phenomenon can be recorded very 
easily by the magnetic oscillograph. It is necessary, 
therefore, to find a low voltage breakdown process to 
explain the change in resistance in the contact when 
the current suddenly is increased from 2 milliamperes 
to normal current (50 amperes). A seemingly 
plausible explanation follows. 

When the contact is carrying the low current, the 
oxide film on the ring is practically continuous and 
serves to insulate the brush rather effectively from 
the ring. When the current suddenly is increased, 


' voltage will appear across some spots in the oxide 


film of sufficient magnitude to break down this film 
in much the same manner as any thin layer of poor 
insulation is broken down. The breakdown is as- 
sociated with considerable heat, and metallic bridges 
will be formed through the oxide film.* If the 
original bridges are not large enough to carry the 
current without melting, they will grow, possibly by 
reducing the oxide in their neighborhood, until 
bridges of sufficient cross section exist to carry the 
current of the contact. As the melting voltage for 
copper is only 0.45 volt,‘ this process need not require 
a high breakdown voltage. It is necessary only to 
get the bridges started (breakdown of perfect films 
may require 100 volts or more), and weak spots in 
the film, especially with the help of the abrasive 
action of the brush, will take care of this. 

The picture of a sliding contact thus becomes 
rather complicated. The brush and ring make 
mechanical contact over only a fraction of a per cent 
of the polished brush face because of the inherent lack 
of smoothness in the contacting surfaces; and even 
at these points of mechanical contact, the brush and 
ring are separated by a semi-insulating oxide film, 
which in turn is broken down more or less completely 
depending upon the amount of current through the 
contact. If the film could be broken down com- 
pletely at the points of mechanical contact, the con- 
tact resistance would be practically the same as if 
the brush were operating on a gold ring (oxide-free 
ring). This condition is approached at unusually 
high current densities. The other extreme of course 
is obtained when the points of mechanical contact 
between the brush and the ring are separated by a 
practically continuous (not broken down) oxide film. 
When the film separating the brush from the ring at 
points of mechanical contact is broken down by fine 
bridges, the current of the contact must spread out 
from the ends of these fine bridges into the material 
of the brush, and this gives rise to a spreading re- 
sistance in the brush. An increase of current 
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through the contact increases the size of the bridges 
and thereby decreases the spreading resistance in 
the brush as well as the resistance of the bridges 
themselves. Thus it is seen that the spreading re- 
sistance of an oxide containing contact decreases 
with an increase of current, whereas in an oxide-free 
contact (graphite brush on gold ring) the spreading 
resistance, for a large range of currents, is independ- 
ent of current. 

It was mentioned earlier that a sudden but small 
recovery in contact resistance appeared just after 
the current in the contact was reduced from normal 
value (50 amperes) to the low value (2 milliamperes). 
This change is very probably caused by the rapid 
oxidation of the ends of the bridges exposed to the 
air when the breaking down effect of the heavy cur- 
rent is removed. The slow but large change in the 
contact resistance occurs only when the oxidation 
has penetrated well below the surface of the original 
oxide film, and the bridges are practically destroyed 
by being converted again into oxide. 

In an attempt to obtain some clue as to the method 
by which a film breaks down as the current through 
the contact is increased, the electrical characteristic 
of a sliding contact was studied very carefully in the 
low current region. In the test, a soft graphite 
brush operated on a small copper ring (8 inches in 
diameter) running at a speed of 1,200 rpm. To 
make a test the current was set at a very low value 
(10 milliamperes) and the ring was allowed to polish 
for hours until the contact resistance was about 100 
ohms. The current then was increased in small 
steps, allowing an equilibrium condition to be 
established after each change. Typical curves ob- 
tained are shown in figure 1. The test was repeated 
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on an oxide film which instead of being produced by 
polishing of the brush was produced on the clean ring 
surface by heating the ring several minutes at a 
temperature of 150 degrees centigrade in air. The 
breakdown of this film gave curves very similar to 
those shown in figure 1. The experiment was re- 
peated several times; and in every test for the 
polarity where the current flowed from the ring to 
the brush (brush negative), the curve was found to 
rise to a maximum and then decrease before rising 
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Diameter of ring 1.75 inches; ring speed 1,000 rpm; brush 
contact area 0.125 square inch; current 5 amperes 


again with a further increase in current. The op- 
posite polarity showed no such tendency. 

No attempt will be made to give an accurate ex- 
planation of the difference in the characteristics for 
the 2 polarities, as the present knowledge of the 
processes of breakdown in oxide films is insufficient. 
It can only be hoped that the understanding of such 
observations will improve as more data are accumu- 
lated. 


CONTACT DROP IN VARIOUS ATMOSPHERES 


To make a simple investigation of the effect of dif- 
ferent gases on contact voltage drop, a small slip 
ring set was built and enclosed under a bell jar so that 
the space around the contacts could be filled with 
different gases, or could be pumped down to an air 
pressure of about 0.2 millimeter of mercury. The 
rings had a diameter of 1.75 inches and were run at 
a speed of 1,000 rpm. The brush on each ring con- 
sisted of a flat piece of slightly abrasive electro- 
graphitic brush material fitted: with the necessary 
shunts and held in position by a box and pressure 
finger in such a way as to produce very good mechani- 
cal conditions in the contact. The single brush on 
each ring had a contact area of 0.125 square inch and 
was operated, unless otherwise specified, at a current 
of 5 amperes, or a current density of 40 amperes per 
square inch. 

The results of one series of tests made with this 
equipment are shown best by the curves of figure 2. 
These curves are for a copper slip ring and were 
taken with the polarity such that the current flowed 
from the brush to the ring (brush positive). This 
polarity was chosen purposely to eliminate the 
question of possible “copper picking,’ which very 
often is observed with the opposite polarity. 

Starting at the right-hand side of curve A, the 
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contact had been operating in nitrogen with a low 
contact drop. When dried room air was admitted 
through a drying tube, the contact drop increased 
in a few minutes to double its previous value. The 
removal of the bell jar cover and the introduction of 
moist room air resulted in further increase as shown. 

In curves B and C, one may see how the contact 
drop varied as the atmosphere around the contact 
was changed successively from pure oxygen to room 
air, to dry air, to hydrogen, to nitrogen again, to dry 
air, and finally to carbon dioxide. 

It is interesting to observe that for all the oxygen 
free atmospheres, the contact drop had about the 
same low value. The contact drop in nitrogen was 
slightly lower than in hydrogen, probably because of 
the somewhat greater oxygen impurity in the com- 
mercial hydrogen used. 

Since the presence or absence of moisture in air 
made appreciable difference in the contact drop, an 
experiment was made in which a nitrogen atmosphere 
with varying amounts of moisture was used. The 
same low value of contact drop was observed in 
nitrogen, independent of moisture content, even when 
the moisture content corresponded to saturation at 
a temperature of 25 degrees centigrade. Thus, it 
is concluded that the absence or presence of oxygen 
in the atmosphere makes a large difference in the 
contact drop, whereas the presence or absence of 
moisture in a nonoxidizing atmosphere does not in- 
crease the contact drop appreciably. 

In figure 3 are shown curves of contact drop versus 
current when the contact was operating in nitrogen. 
It is important to notice that these curves are much 
straighter than the familiar curves obtained in air 
at atmospheric pressure. The oxide film had been 
so far removed by the combined action of the reduced 
rate of oxidation and the abrasive action of the brush, 
that it no longer permitted the large change of con- 
tact resistance with current. As may be seen from 
these curves, the contact resistance at very low 
currents was hardly twice what it was at the highest 
current. In air the ratio would be several thousand 
to one. 


Liguip FILMS IN THE CONTACT 


The foregoing evidence is certainly against any 
theory that tries to explain the electrical character- 
istic of a sliding contact on the assumption that the 
brush is supported and separated from the ring al- 
most completely by a liquid film. For an extremely 
interesting and clever presentation of such a theory, 
the reader is referred to an article published® in 
1927. 

The observation that a contact does not need a 
liquid film to explain variations in resistance does 
not mean that liquid films cannot produce an in- 
crease in contact resistance. This would be absurd, 
for it is well known that a small amount of oil placed 
on a ring will tend to raise the brush off the ring and 
increase the contact drop. Even blowing one’s 
breath on a small slip ring will often condense enough 
moisture on the surface of the ring to lift the brush 
and increase the contact drop; but when the film 
is of water, it soon evaporates until it is very thin in 
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comparison with the unevenness in the contact 
surfaces and no longer can be effective in increasing 
the contact resistance. 

It is obvious that even when a liquid film has be- 
come too thin to be effective in raising the brush, 
it still must separate the brush effectively from the 
ring at the points of mechanical contact, and all the 
current flowing through the contact points must 
flow across the very thin liquid film. This can occur, 
however, with practically no voltage drop, as the 
resistance of these thin films is extremely low.°® 

The tenacity of the thin adsorbed films on the 
surfaces of solids is illustrated forcibly by the diffi- 
culty of removing gas from vacuum tube parts after 
the tube is assembled. Even with the best vacuum 
obtainable, the adsorbed gas is removed only after 
heating the parts up to a temperature of 600 degrees 
centigrade or more. Because of their tenacity, these 
liquid films, while not affecting the electrical char- 
acteristic of the contact directly, probably cover over 
and lubricate the points where the solid material of 
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the ring and brush come together, even though the 
unit mechanical pressure at these points is very high. 
An interesting description of this effect in vacuum 
switches is given in a previous article.6 When a 
vacuum switch has been treated out so that the small 
copper contacts are clean, they tend to stick together 
so that upon opening a distinct click is heard. This 
effect disappears almost immediately when a small 
amount of water vapor is admitted, even though the 
corresponding change in contact resistance is prac- 
tically negligible. 

An evidence of the lubricating effect of thin films 
in sliding contacts is shown by the fact that in gen- 
eral, and especially with some grades of brushes, a 
low humidity in the atmosphere around the brushes 
results in increased friction and lowered contact drop. 
This effect would be expected if the lower moisture 
content should reduce the lubrication of the contact 
to the point where the brush begins to grab onto and 
abrade the surface of the ring. The tendency toward 
abrasion with metal graphite brushes would be even 
greater than with straight graphite brushes, and this 
probably accounts for the phenomenally rapid brush 
wear observed on some synchronous converters 
operating in a low humidity atmosphere. 

Since slip rings operate generally at a temperature 
lower than, or in any event not much higher than 
the boiling point of water, it is to be expected that 
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water vapor would be adsorbed to build up a film 
of greater thickness than other gases such as nitrogen 
or carbon dioxide, which boil at a very much lower 
temperature. It does not seem likely, however, that 
a change in atmospheric moisture of from 1 grain 
per cubic foot to 6 would change appreciably the 
thickness of the adsorbed film on the surface of a 
piece of metal exposed to the atmosphere, and yet 
the abrasion of brushes on machines seems to vary 
greatly with this same change in atmospheric mois- 
ture. Possibly this can be explained if one remembers 
that the surface of a slip ring is passing continually 
under the brushes, and is being required to carry 
current. This means that the heating effect of the 
current as well as the heating and scrubbing effect 
of the friction is tending continuously to remove the 
adsorbed film from the surface of the ring. If the 
film were not being repaired continually by the 
supply of moisture in the atmosphere, the adsorbed 
film very soon would disappear. If, however, the 
striking of water molecules on the ring surface can 
repair the film as fast as it is destroyed, the operation 
of the contact will continue to be satisfactory. Thus, 
it is to be expected that there will be no definite 
lower level of moisture content in the air that will 
insure satisfactory operation, but that this minimum 
will depend upon the nature of brush and ring ma- 
terial (need for lubrication), speed of rotation, 
number of brushes per track, ring temperature, and 
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other factors. In short, the minimum safe moisture 
content will depend upon the balance between the 
ease of repairing the film and the tendency for the 
film to be removed. 


Contacr Drop AT Low AIR PRESSURES 


With the small slip ring set described hereinbefore, 
it was undertaken to determine the effect of reduced 
air pressure on contact drop. A typical curve ob- 
tained is shown in figure 4. As the pressure was re- 
duced, the contact drop decreased to about 0.3 volt 
at an air pressure of about 20 centimeters of mercury 
and did not seem to be affected much by a further 
reduction in air pressure, even though the pressure 
was reduced to 0.2 millimeter and was maintained 
at this low value overnight. As a matter of fact, 
when the experiment first was tried, the contact drop 
decreased to a minimum value and with further de- 
crease in pressure began to rise again. This later 
was found to be attributable to the oil vapor given off 
by the small motor; after the regular oil was re- 
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Graphite brush on copper ring; current 0.15 ampere; brush 
area 0.125 square inch; brush polarity negative 


placed by an oil having an extremely low vapor 
pressure, the trouble disappeared. 

The contact drop at lower current densities is 
especially sensitive to anything that reduces the 
rate of oxidation. For instance, the normal contact 
drop of the small copper ring in air at 1 ampere was 
0.48 volt, which was reduced upon the introduction 
of an oxygen-free gas (commercial nitrogen) to 0.053 
volt, or a reduction in contact resistance in the ratio 
of 9to1l. Atacurrent of 2 milliamperes, the change 
was from 0.2 to 0.0003 volt under the same condition, 
or a reduction in contact resistance in the ratio of 
670 to 1. 

In figure 5 is shown a curve of contact drop at low 
current density plotted against air pressure around 
the contact. The peculiar shape of the curve is diffi- 
cult to understand. The starting point is at the lower 
left-hand corner and the contact had been running 
overnight with an air pressure of 0.2 millimeter of 
mercury. To obtain the lower branch of the curve 
the vacuum pump was shut off and a small leak was 
produced such that the air pressure around the con- 
tact rose in 20 hours to within about 2 centimeters 
of atmospheric pressure. The curve was plotted 
from readings of contact drop and air pressure. The 
return loop or upper curve was obtained by reducing 
the pressure in steps, with the contact operating 
about an hour at each pressure. The fact that the 
upper half of the curve does not coincide with the 
lower half is probably attributable to some time lag 
effect, the lag growing less as the pressure is reduced 
below 300 millimeters. It is important to notice 
that the decrease in contact drop when the air pres- 
sure is reduced to a very low value is not as great as 
when the air normally surrounding the contact is 
replaced by an oxygen-free gas. The difference is 
probably greater than the reader at first will realize, 
as the data for the curve of figure 5 were taken with 
the brush negative (current flowing from the ring to 
the brush), and the reduction in contact drop ef- 
fected by an oxygen-free atmosphere is greater with 
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this polarity than with the opposite polarity. The 
difference may be attributable to contamination of 
the ring surface by spurious vapors when the contact 
is operating at low pressure. It is practically impos- 
sible to obtain a clean condition in a vacuum system 
containing a motor with insulation and with the 
small amount of volatile oil that always must be 
present. Observations on a small gold surfaced ring 
as the air pressure was reduced around the contact, 
showed sometimes as much as a threefold increase 
in contact drop over its normal value in air at atmos- 
pheric pressure. This certainly was caused by con-’ 
tamination, as just described, for the low contact 
drop could be restored simply by washing the ring 
and brush with carbon tetrachloride. 


Contact Drop WITH DIFFERENT RING MATERIALS 


All base metals such as copper, iron, nickel, and 
others, oxidize when exposed to the air, even at room 
temperature. The first layers of oxide form very 
rapidly; but since these first layers act to protect the 
metal of the ring, the rate of growth of the film con- 
tinually decreases so that years might be required for 
it to grow to a thickness of 10~° inch. At tempera- 
tures of the order of 100 degrees centigrade the same 
film can be produced in a few hours, and at higher 
temperatures of course in even shorter times. The 
figure of 10~° inch is just about the thickness of the 
familiar brown film seen on commutators that have 
been in service for some time. 

The noble metals oxidize much less readily. Of 
platinum, gold, and silver, only silver oxidizes ap- 
preciably at room temperature or any higher tempera- 
ture. The difference between the noble and the 
base metals can be explained best by reference to 
figure 6, the curves of which are plotted from pre- 
viously published data.’ These curves indicate the 
dissociation pressures of the oxides of several metals, 
the dissociation pressure of an oxide being the 
pressure of oxygen that will build up in equilibrium 
with the oxide if it is sealed in an evacuated tube. 
This method of determining dissociation pressures is, 
however, not practical for the base metals (copper, 
nickel, iron, etc.), and the curves for these metals 
were obtained by calculation. The dissociation pres- 
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Fig. 6. Dissociation pressures of metal oxides 
versus temperature 
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sure of an oxide is very similar to the vapor pressure 
of a liquid. If the partial pressure of oxygen in the 
atmosphere surrounding the oxide is greater than the 
dissociation pressure of the oxide at the particular 
temperature, the oxide is stable; and if any of the 
metal of the oxide is present, it will be oxidized. If, 
however, the partial pressure of oxygen is lower 
than the dissociation pressure of the oxide, the oxide 
will be reduced to oxygen and the metal. An ob- 
servation of the curves of figure 6 shows that even 
in a very good vacuum, the temperatures necessary 
for the decomposition of the oxides of copper, nickel, 
and iron are higher than the melting points of these 
metals. The temperature indicated by these theo- 
retically deduced curves are apparently a little high, 
for it is common practice to clean up these metals 
in a good vacuum at temperatures somewhat lower 
than the melting point; but the discrepancy is not 
great enough to make any difference in this discus- 
sion. In any event, it obviously would be impossible 
to remove completely the oxides of these metals 
simply by heating in air. The rate of oxidation can 
be reduced, however, by limiting the amount of 
oxygen at the surface; and in a sliding contact where 
the ring is being abraded continually by the brush, 
this will result in a decreased contact drop. 

The oxide of silver, as may be seen from the curve 
of figure 6, is reduced much more easily. Even in air 
(partial pressure of oxygen approximately 15.2 
centimeters), silver oxide will decompose at a tem- 
perature of 375 degrees absolute (102 degrees centi- 
grade). Thus, it is possible by heating a piece of 
silver to this temperature to remove the oxide com- 
pletely from its surface. This fact will be demon- 
strated a little later by showing how the contact drop 
characteristic of a silver ring changes when the ring 
is heated. 

The curves for platinum and gold lie still further 
to the left in the system of curves shown in figure 6, 
and slip rings of these materials are free of oxide 
even at normal operating temperatures. 

Some volt-ampere curves obtained on a gold ring, 
a silver ring, and a carbon ring are shown in figure 7. 
The oxide of carbon is gaseous and, therefore, has no 
insulating effect in the contact. The resistance of the 
contact on this ring is, therefore, low and independent 
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of current in the range of currents used. The gold 
ring is free of oxide at the normal operating tempera- 
ture, and its contact resistance is low and also inde- 
pendent of current density. The silver ring at normal 
operating temperature forms an oxide film on its 
surface, and under this condition its contact drop at 
5 amperes was about 0.25 volt. Its volt-ampere 
characteristic under this condition was found to be 
concave downward. The curve for the silver ring 
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shown in figure 7 and marked ‘‘(clean)’’ was taken 
after a gas flame had been played over the surface 
of the ring to heat it to a temperature of about 90 
degrees centigrade. This was apparently high enough 
to reduce the oxide on the ring, and bring the contact 
resistance down tc the low value indicated by this 
curve. A similar heat treatment of the copper ring 
reduced the contact resistance only slightly, and the 
shape of the volt-ampere curve after the treatment 
was still the familiar downward concave or drooping 
characteristic commonly observed. 

Figure 8 is included only to show the tremendous 
difference between the contact drop on a gold ring 
and on a nickel ring. It may be seen that the char- 
acteristic of the contact on the nickel ring is quite 
similar to that commonly observed on a copper or 
iron ring (oxide-carrying ring) whereas the character- 
istic for the gold ring (oxide-free ring) is a straight 
line. 


THERMAL VOLTAGE IN A SLIDING CONTACT 


To determine the thermal voltage appearing in a 
sliding contact, a simple test was set up as shown in 
figure 9. The arrangement consists of a copper ring 
3 inches in diameter driven by a small variable-speed 
motor. A graphite brush, previously worn in with 
current flowing, rode on the surface of the ring and 
was connected to one side of a potentiometer. On 
the side of the copper ring was fastened a plate of 
graphite on which rode a small brush of the same 
material. This brush was connected to the other 
side of the potentiometer. 

With the ring still and all parts of the apparatus 
at the same temperature, the net thermal voltage 
for the system was practically zero. When the ring 
rotated, however, the friction at the small points of 
contact between the ring and the brush heated these 
points to a degree depending upon the speed of rota- 
tion, and it was possible to obtain a curve between 
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the speed of rotation and the thermal voltage gener- 
ated. The thermal voltage followed the ring speed 
very closely, that is, there was no appreciable time lag 
of the thermal voltage when a change in speed was 
produced. This would be expected for the small areas 
of contact between the brush and the ring heat and 
cool very rapidly. 

During the test, all points of discontinuity in the 
system remained at essentially the same temperature 
except the contact between the copper ring and the 
graphite brush riding on it. It is obvious, therefore, 
that the thermal voltage observed was generated in 
this contact. A temperature rise in this region would 
produce a thermal voltage at the graphite-copper 
oxide junction and also at the copper oxide-copper 
junction, and only the differential of these 2 voltages 
would be observed by the method of measurement 
used. The net voltage observed had the polarity of 
the copper oxide-copper junction. 

Assuming that the coefficient of friction between 
the brush and ring is independent of the speed of 
rotation of the ring, the energy converted into heat 
per revolution is fixed and the amount of heat gener- 
ated at each little point of contact will be independent 
of the speed of rotation. The heat generated at any 
small area, however, will flow rapidly away from the 
point of generation into the brush and the ring, and 
the temperature rise at the contact points, therefore, 
will be inversely proportional to the time a point of 
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contact is in use, or directly proportional to the speed 
of rotation. This explains the linearity of the curve 
shown in figure 9. 

Sanding the ring surface caused the thermal volt- 
age to disappear, for this removed the oxide film and 
established practically metallic contact between the 
brush and the ring. 
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Automatic Control for 
Mercury Arc Rectifiers 


Automatic control for steel-tank mercury- 
arc rectifiers may be considered under 2 
main divisions, one being control for 
switching equipment, and the other being 
control of the unit auxiliaries such as tank 
heaters, anode heaters, vacuum control and 
protective equipment, arc ignition and ex- 
citation, cooling tank, and circulating 
pump. A review of present day practice 
in automatic control for mercury arc recti- 
fiers is presented herewith. 


By 

H: BANY General Electric Co., 
ASSOCIATE A.1.E.E. Philadelphia, Pa. 
M. E. REAGAN Westinghouse Elec. and Mfg. 
MEMBER A.1.E.E. Co., East Pittsburgh, Pa. 


Te development of the steel tank 
mercury arc rectifier has progressed to such an extent 
that its inherent advantages for the conversion of 
alternating current to direct current are gaining 
greater recognition each succeeding year. On ac- 
count of its higher efficiency at the higher d-c vol- 
tages, it is particularly well adapted for railway ser- 
vice, where 600 to 3,000 volts direct current are the 
common voltages, and it is here that the mercury arc 
rectifier has found its greatest application. By use | 
of anode grid control, rectifiers can also be made to 
function as inverters and have been applied to rail- 
road electrification where regenerative braking is 
necessary. Due to other desirable characteristics, 
including the ease of d-c voltage adjustment by 
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grid control, their use is continuing to increase for 
the lower voltage industrial applications. 

It is not the purpose of this discussion to deal in 
_any detail with the new developments or technical 
aspects of the rectifier itself. However, since the use 
of this type of conversion apparatus has become so 
general, and since most of the installations are un- 
attended, it is felt that a presentation, or résumé, of 
present-day control methods for steel tank mercury 
arc rectifiers is quite timely and would be of interest 
to those who are using or contemplate the use of 
such apparatus. Views of steel-tank mercury-arc 
rectifier installations are shown in figtires 1 and 2. 


“THE Mercury ArC RECTIFIER 


In order to treat the subject of the control more 
logically, it is desirable to review briefly the funda- 
mental operating requirements of the mercury arc 
rectifier itself. 

The valve action of the rectifier results in current 
flow from the main anodes (of which there usualiy are 
6 or more in a modern tank) to the cathode. This 
action depends upon maintaining the foreign gas 
pressure and the temperature of the rectifier tank 
within the given operating limits and upon proper 
ignition and subsequent holding of the arc, or exci- 
tation, from auxiliary anodes. 

In order to attain the extremely low value of 
foreign gas pressure (0.1 to 3.0 microns of mercury) 
required during normal operation, an exhaust system, 
consisting of a mercury condensation pump, inter- 
stage reservoir, and rotary vacuum pump, is pro- 


Interior views of a 2-unit rectifier substation 
for street railway service 


Fig. 1. 


vided. In addition, to secure the proper elimination 
of air from the pores of the metal parts when the 
tank is initially placed in operation, or upon reassem- 
bly after having been subjected to atmospheric pres- 
sure, there is provided the necessary degassing 
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equipment to apply heat to the anodes during this 
time. This consists of a so-called degassing, or load- 
ing, transformer, or low voltage taps on the main 
transformer, and a loading resistor. 

To hold the rectifier temperature below the limit- 
ing value, a circulating cooling system must be pro- 
vided, and to hold it above the limiting value, 
electric tank heaters, or anode heaters, or both are 
generally necessary in all but tropical climates. 

The arc ignition is accomplished by means of an 
arc striking or ignition anode and solenoid, and the 
holding or excitation arc is maintained by the re- 
quired number of auxiliary excitation anodes. 

The necessary surge suppressors must be provided 
across the transformer windings to prevent serious 
overvoltage at the time of a fault when the rectifier 
arc is extinguished. Filters or resonant shunts for 
preventing telephone interference may in some cases 
be required. 

The rectifier must be disconnected from the system 
in case the foreign gas pressure becomes too high, 
the tank temperature becomes too high or too low, 
on d-c short circuit and continued overload, on arc 
back, and usually also on low or on single-phase 
voltage supply. An arc back results from the failure 
of the valve action of one or more anodes and is thus 
a short circuit between anodes inside the rectifier 
tank. 


A-C PRIMARY EQUIPMENT 


The a-c primary equipment, including oil circuit 
breaker and disconnecting means, power transformer, 
lightning arresters, control power transformer and 
instrument transformers, is similar to that required 
for the usual rotating machines, except as mentioned 
below, and with the further exception that in no case 
isany equipment for reduced voltage starting required. 

The oil circuit breaker must primarily be chosen 
to meet the system interrupting capacity require- 
ments. However, due to the characteristic of the 
mercury arc on circuit interruption which results in 
a high recovery voltage rate, it is advisable, particu- 
larly on the higher a-c voltages, to favor a circuit 
breaker with more effective means of circuit inter- 
ruption than plain break type of contacts, even 
though such a breaker would otherwise not be 
required for a-c system interrupting capacity 
requirements. Circuit breakers with circuit inter- 
rupting time of 0.15 to 0.20 second, measured from 
the instant the trip coil is energized, are usually 
satistactory to prevent possible damage to rectifier 
parts and excessive evolving of gas. Means for trip- 
ping the breaker vary with the application. Over- 
current tripping features, using either a-c current 
trip coils or d-c potential trip coils must be provided, 
as required for opening any a-c breaker on over- 
current. However, the use of a direct acting under- 
voltage device on the oil circuit breaker mechanism 
to insure its tripping out immediately on failure of 
a-c power is usually not required. 

The power transformer must necessarily have the 
proper design characteristics for the rectifier to suit 
the application and have the required connections 
with or without interphase transformers. Generally 
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some form of temperature measuring device is in- 
cluded to function on excessive temperature as might 
be caused by continued overload. 

As with synchronous converters, fuses may be 
substituted for the high voltage oil circuit breaker, in 
special cases. To show any economy, however, the 
rectifier unit must be of small capacity or in service 
most of the time so that the no-load losses of the 
power transformer do not exceed the saving resulting 
from this substitution. The absence of the high 
voltage breaker further requires that a breaker be 
installed in the secondary or anode leads to open 
before the fuses can blow in case of arc-backs and 
when the unit is shut down. Since this requires 
one pole per anode, there may be no over-all saving. 


INSTRUMENT EQUIPMENT 


Following is the usual recommended instrument 
and meter equipment. 


Alternating Current 


1 voltmeter (one required per installation). 
1 ammeter (may be optional). 
1 watt-hour meter (may be optional). 


Rectifier 


1 vacuum indicator. 
1 ammeter in vacuum indication circuit (optional). 
1 ammeter in excitation circuit (optional). 


Direct Current 


1 voltmeter (one required per installation). 
1 ammeter. 


CONTROL POWER 


The control or auxiliary power requirements of an 
automatic rectifier installation can be divided into 2 
parts. One part consists of the power required for 
the unit auxiliaries for such purposes as the tank 
heaters, anode heaters, vacuum control and pro- 
tective equipment, arc ignition and excitation, cool- 
ing fan, and circulating pump. The other part con- 
sists of the power required in the automatic switch- 
gear for purely control and tripping purposes. 


CONTROL POWER FOR UNIT AUXILIARIES 


The rectifier auxiliaries require the greater amount 
of power, and a bank of 2 control power transformers 
with 220 volt secondaries connected open delta is the 
usual source of supply. If there is available for this 
purpose a separate satisfactory and dependable low 
voltage a-c source, this can be used. The use of a 
control battery for this part of the control power is 
neither necessary nor desirable. 

Insulating transformers are required to isolate the 
control of those rectifier auxiliaries that are at the 
potential level of the rectifier tank (which in a 
grounded negative railway system is on the un- 
grounded side) from the other devices not at this 
potential level. Such auxiliaries are the arc ignition 
and excitation circuits, the tank jacket and anode 
heaters, the temperature regulating and protective 
relays, the vacuum relay and pumps, and the water 
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circulating pump and blower motors in a closed 
cooling system. On d-c voltages of 600 volts and be- 
low the arc ignition and excitation circuits are usually 
supplied from one insulating transformer bank, 
while the other devices are isolated by an additional 
bank. It is the usual practice, however, on these 
lower voltages not to segregate the one group of these 
devices from the other on the switchboard. On d-c 
voltages above 600, it is usually desirable to incor- 
porate additional small insulating transformers in 
the equipment for isolating the tank temperature 
protective devices and vacuum protective relay con- 
tacts from the control, indication, or alarm circuits. 
In addition, on these higher voltage equipments— 
particularly 3,000 volts d-c and above—it is usual to 
isolate those devices at tank potential from the other 
devices in the equipment not at this potential, either 
by segregation on a common switchboard or by 
mounting them on a separate panel adjacent to the 
rectifier itself. The desirability of isolating these 
circuits electrically thus makes a-c control power, 
with which this can be accomplished quite simply by 
insulating transformers, inherently more suitable 
than direct current for these auxiliaries. 

Three phase control power is generally used be- 
cause 3 phase squirrel cage induction motors are 
better adapted to the larger motor drives for the 
circulating water pump and blower in a closed cool- 
ing system than are single phase motors. Single 
phase motors are, however, somewhat simpler to con- 
trol and protect, and therefore are generally used 
for the smaller auxiliaries. Three phase control 
power also may be required for rectifiers provided 
with a-c excitation. When 3 phase control power is 
present, the single phase load, such as single phase 
motors and heaters, is distributed between phases so 
as to obtain most nearly balanced load conditions. 


CONTROL POWER FOR SWITCHGEAR 


The control power for the automatic switchgear can 
also be 220 volts alternating current and supplied from 
the same control power transformers that are used 
for the rectifier auxiliaries. In order to prevent 
momentary voltage dips down to about 50 per cent 
of normal a-c voltage from tripping off the unit, 
the a-c undervoltage relay is provided with a time 
delay on drop-out. This relay is generally set with 
a pick-up of about 85 per cent and a time delay drop- 
out of 80 per cent. On voltage dips down to less 
than 50 per cent of normal—which approach the 
instantaneous drop-out value of the master contactor 
and other control devices—there is the possibility of 
tripping off the unit at this time. Since the rectifier 
can be placed back on the line immediately after 
such an outage, the momentary tripping off of the 
rectifier is usually not objectionable. 

With a control battery, the rectifier will not be 
tripped off the line until the expiration of the drop- 
out time of the a-c undervoltage relay. A control 
battery further provides a more flexible and reliable 
source of control power, and so in the average base 
load installation it is usually advantageous to pro- 
vide one. In case a dependable tripping source is the 
only requirement, a tripping battery not less than 
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24 volts direct current and preferably 48 volts direct 
current is recommended. However, in the simpler 
station layout without sensitive or special protective 
_tripping features for the a-c incoming lines or trans- 
formers, and where the somewhat greater service 
continuity obtained is not so important, a-c control 
power (supplied by control power transformers con- 
nected to the a-c incoming line or a-c bus), ahead of 
each rectifier transformer oil circuit breaker, is gen- 
erally satisfactory for all the control power. 


VACUUM SYSTEM CONTROL 


In order to keep the tank pressure at the desired 
minimum, the proper control must be provided for 
the exhaust system. The mercury condensation 
pump, with a heater energized from the a-c control 
and insulating transformer circuit, and operating on 
the steam injector principle, is in continuous opera- 
tion, exhausting the gases into the interstage reservoir 
located between it and the rotary vacuum pump. 

The mercury condensation pump is provided with 
cooling coils, and the cooling medium is obtained 
either from the same cooling system used for the 
rectifier tank, or from a separate one, where it is 
advantageous to do so in the case of a closed cooling 
system. Protection is provided to disconnect the 
heater from the circuit on failure of flow of the cooling 
medium. 

The rotary vacuum pump may be controlled by 
the pressure in the interstage reservoir, which must 
be kept below approximately 1,000 to 3,000 microns 
of mercury in order to give efficient operation of the 
mercury condensation pump. In this case a manom- 
eter, dependent upon interstage reservoir pressure, 
controls the vacuum pump motor direct, and a 
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Fig. 2. A 625-volt 3,000-kw automatically controlled power rectifier installation 


separate vacuum relay, dependent upon rectifier tank 
pressure, is used in the master control contactor cir- 
cuit to permit connecting the rectifier to the a-c and 
d-c power circuits only within the proper limits of for- 
eign gas pressure. This vacutm relay is provided 
with a pointer and scale and thus serves as a visual in- 
strument also. It operates on the change of current in 
a compensated bridge circuit. Onearm of this bridge 
circuit consists of a resistor, in communication with 
the vacuum chamber of the rectifier. Its resistance 
is dependent upon the rate of flow of heat through 
the surrounding space, which in turn is a function 
of the foreign gas pressure in the vacuum chamber, 
and thus the current in the vacuum relay coil circuit 
connected across the bridges varies with the foreign 
gas pressure in the tank. A control diagram of this 
scheme is shown in figure 30. 

The rotary vacuum pump may also be controlled 
by the rectifier tank vacuum relay itself, combining 
the vacuum pump and rectifier control functions into 
one device. However, when rectifier foreign gas 
pressure is used directly to shut down the rotary 
vacuum pump, a time delay is interposed, after the 
desired tank pressure is reached, so that the inter- 
stage reservoir will be exhausted sufficiently to allow 
the mercury pump to operate at its most efficient 
point. A control diagram of this scheme is shown 
in figure 3a. 


Left—Automatic switching equipment for rectifier 
Center—Power transformer, mercury arc rectifier, and supervisory control and tripping battery 
Right—Automatic reclosing d-c feeder equipments and rectifier d-c circuit breaker in removable 


truck type switchgear 
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By using a smaller design of rotary vacuum pump, 
this pump may be left in operation continuously, 
and so the starting and stopping control of this pump 
may be dispensed with entirely. In any of the above 
arrangements, however, it is necessary to use an 
automatically operated check valve between the in- 
terstage reservoir and the rotary vacuum pump, to 
prevent air and oil being drawn into the rectifier 
tank, whenever the rotary vacuum pump is not 


operating. 
TANK TEMPERATURE CONTROL EQUIPMENT 


In order to hold the rectifier temperature within 
the limits for successful operation, the cooling system 
(which may be one of serveral different types) and 
the tank and anode heaters must be controlled by 
the necessary thermal or load responsive devices. 

The simplest cooling arrangement is the open 
system or tap water cooling, which is used where the 
available tap water is sufficiently free from impurities 
to make this permissible. Figure 4a shows the sche- 
matic layout for this type of system. The flow of 
the water is controlled by the thermo-responsive 
regulating valve, whose thermo-sensitive bulb is lo- 
cated at a point in the tank water jacket best suited 
for controlling the temperature in the anode region. 
The heaters are controlled by a thermo-responsive 
relay, whose thermo-sensitive bulb is located in the 
tank water jacket. 

When the tap water available is not sufficiently 
free from impurities to use in the rectifier water 
jacket—so that, due to excessive corrosion and sedi- 
ment, cleaning and possible replacement of the jacket 
would be necessary—a closed cooling system with a 
water-to-water heat exchanger may be used. A 
motor driven pump circulates the cooling medium 
through a storage tank, the heat exchanger, and the 
rectifier water jacket. Tap water, whose flow is 
controlled by a thermo-responsive valve with its bulb 
located in the rectifier tank jacket, is used to absorb 
and carry away the heat from the heat exchanger. 
As in the open system, a thermo-responsive relay 
controls the heaters, which may be located in the 
rectifier tank jacket, or in the system storage tank. 

A common arrangement of closed cooling system 
uses an air surface cooler instead of a water-to-water 
heat exchanger. The surface cooler is provided with 
a motor-driven radiator fan which is in operation 
only when the unit is carrying load, or when the 
temperature of the cooling medium exceeds a given 
value. To allow for seasonal temperature variations, 
or variations in load or operating conditions, the fan 
motor may be provided with pole changing switches 
so that the amount of cooling obtained best suits 
these conditions. The flow of the cooling medium 
by means of the circulating pump and the energiza- 
tion of the heaters are controlled as in the previously 
mentioned systems. Figure 4b shows a schematic 
layout for this system. 

The advantages of a closed cooling system are that 
the purity of the cooling medium can be controlled, 
and better rectifier performance is obtained due to 
the maintenance of a more uniform temperature in 
all parts of the rectifier tank. The system using the 
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VACUUM 
INDICATOR TUBE 


VACUUM 
INDICATOR TUBE 


RECTIFIER 
CATHODE 


RECTIFIER 


Fig. 3. Schematic diagrams of exhaust system (left) 
and of vacuum control and protective circuits (right) 


a—Vacuum pump controlled by rectifier tank vacuum relay 
b—Vacuum pump controlled by pressure in the interstage reservoir 
For meaning of symbols, see table | 
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TO DRAIN«— 
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(b) > DEVICE IS ACTUATED 


CIRCULATING 


Fig. 4. Schematic diagrams of temperature control 
equipment 


a—Open system b—Closed system 
For meaning of symbols, see table | 


surface cooler has the further advantage of being 
completely self-contained, and can be more readily 
protected against freezing where necessary. 

Anode heaters, or anode jacket heaters, may be 
required in certain cases to hold the temperature of 
the main anodes above a limiting value, and thus 
prevent the possible condensation of mercury on 
them, causing an arc-back. Such anode heaters are 
usually controlled by an undercurrent relay, operat- 
ing from a current transformer in the a-c side of the 


rectifier power transformer, and the anode jacket 
heaters are usually controlled by a thermostat lo- 
cated in the anode water jacket. 


MASTER ELEMENT USED FOR 
GIVING STARTING INDICATION 


In order to have the rectifier ready for operation 
at any time, the vacuum and temperature regulating 
equipment must be in service at all times. There- 
fore, these functions are not dependent upon the 
control of the master element which places the recti- 
fier in operation. 

The type of master element used is dependent 
upon service requirements, as in the case of all other 
types of automatic installations, and may be either 
one or a combination of devices or functions as 
follows: low d-c bus voltage after time delay, time 
switch, lecal or remote push button or switch, super- 
visory control, overload on preceding unit, or failure 
of preceding unit. The opposite indication of the 
master element, of course, takes the unit out of 
service immediately or after time delay. 

With the increasing use of supervisory control, 
particularly for base load stations for railway service, 
most of the later installations have used this form of 
starting and stopping, together with telemetering 
equipment to inform the load dispatcher of d-c volt- 
age and load conditions. 


MASTER CONTACTOR AND 
CLOSING oF A-C CrrcuIT BREAKER 


The master element usually controls a master relay 
or contactor, which, when it closes, places the recti- 
fier in operation and connects it to the a-c and d-c 
systems, and when it opens, disconnects it from the 
circuit and shuts it down. 

In addition to the contacts of the master element, 
contacts of the necessary protective devices are in 
the master relay or contactor coil circuit, to prevent 
starting, and also subsequently, when necessary, to 
cause temporary or lock-out shutdowns as required 
by the nature of the abnormal condition or fault. 

All of the protective devices which cause temporary 
or lock-out shutdown prevent starting or restarting 
until the abnormal condition has been corrected. 


Table I—Nomenclature Used in Figures 3 to 7 


Function No. Nomenclature Function No. Nomenclature Function No. Nomenclature 

5 27 A-c undervoltage relay 72 D-c line circuit breaker 
4 Petts acting relay 28 Load shifting resistor thermal device 73 Load shifting resistor circuit breaker 
4 Master contactor 31 Ignition anode 76 D-c overcurrent relay 
5 Stopping device aif Undercurrent relay 79 A-c reclosing relay 
8 Control power switch 49 A-c thermal relay (power transformer) 86 Locking out relay 
11-1 49B- A-c thermal relay (blower motor) 88B Blower motor 
host Control power transformer 49V <A-c thermal relay (rotary vacuum pump 88V Rotary vacuum pump motor 
14 Underspeed device motor) ‘ . 88W Circulating pump motor 
20V Solenoid operated vacuum valve 49W A-c thermal relay (circulating pump motor) 89 Line switch : 

A-c overcurrent relay 93 Excitation changing contactor 


22 Equalizer contactor 51 


52 A-c circuit breaker 


152 =A-c circuit breaker 


Anode temperature regulating relay ircui 
bic Tank Caiostatie ae relay (cold) 53 Excitation relay ; Be D-ce circuit breaker 
23H Tank temperature regulating relay (hot) 62 Time delay stopping relay A Amunetet 
26C Tank temperature protective relay (cold) 63V Vacuum relay : x : use 
26H Tank temperature protective relay (hot) 63W Water flow relay a ‘ y nsulating connection 
26V Mercury condensation pump protective relay 64 Grounding protective relay es. Resistor 


JANUARY 1936 


The closing ef the master contactor immediately 
causes the a-c line oil circuit breaker to close, energiz- 
ing the rectifier power transformer. 


Arc IGNITION AND EXCITATION 


Then the ignition transformer is energized and the 
solenoid of the arc-striking anode is energized, caus- 
ing this anode to be dipped into the mercury cathode 
pool. When the anode touches the mercury, this 
short-circuits its operating solenoid, causing it to 
be withdrawn immediately by means of its spring. 
In so doing it draws an arc which is transferred to 
and maintained by the excitation anodes, supplied 
from the excitation transformer. The establishment 
of the excitation arc causes the main anodes to fire 
and d-c voltage to appear on the cathode. A typical 
circuit for one scheme employing 3 phase a-c power 
is shown in figure 5a and a variation of this scheme 
using single phase a-c power is shown in figure 5c. 

In certain cases where the rectifier may operate at 
a very small percentage of rated load, and where 
maximum continuity of the main arc is essential at 
all times, the control equipment automatically causes 
the excitation current to be increased at loads below 
about 10 per cent of normal. This is usually ac- 
complished by having an undercurrent relay in the 
rectifier circuit close a contactor that shunts a current 
limiting reactor in series with the excitation trans- 
former. 

_ Another ignition and excitation scheme, using di- 
rect current obtained by means of a copper oxide 
rectifier, causes the arc to be established in a manner 
similar to that described above. A typical circuit 
for this arrangement is shown in figure 50. 


D-C Crircuir BREAKER AND 
D-C OVERCURRENT PROTECTION 


When the main anodes fire, full d-c voltage appears 
on the rectifier cathode, causing the d-c line circuit 
breaker to close, energizing the d-c bus directly or 
through load limiting or load shifting resistors. 

The use of load shifting resistors in the usual 600 
volt or 1,500 volt d-c railway unit is governed by the 
same general considerations as govern a synchronous 
converter installation except that there is somewhat 
less reason for using as much resistance for the pro- 
tection of the rectifier itself. A rectifier can take 
care of relatively high momentary overloads, and 
does not have the definite commutating limitations of 
a rotating machine. Hence, resistors are used pri- 
marily for load shifting rather than definitely for 
load limiting, and therefore for momentary overload 
protection one step of resistance to give about 10 
per cent voltage drop at full load is considered satis- 
factory for the average installation. Where a second 
step is necessary for more severe service conditions, 
an additional 15 per cent voltage drop at this same 
load is usually sufficient. The thermal rating of the 
resistor generally is based upon carrying 11/, times 
rated load for 5 minutes at not over 350 degrees centi- 
grade rise. The overcurrent device used for inserting 
each step of resistance may be an a-c relay operating 
from current transformers in the a-c side of the recti- 
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fier power transformer, or a d-c relay operating from 
a shunt in the d-c side, or it may be a self-contained 
overcurrent trip incorporated in the load shifting 
resistor shunting breaker. Reclosing upon reduction 
of the load can be accomplished either by suitable 
drop-out settings of the overcurrent relay or by a 
separate voltage relay connected across the load 
shifting resistance. As in all load shifting control 
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le 
i-2 aie IGNITION 
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“ae = SPARK GAP 
N-2 ata ; 
REACTOR Se RES. RES. 
P EXCITATION 
(c) 57S oto 
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Fig. 5. Arc ignition and excitation schemes 


a—lTypical circuits for a scheme employing 3-phase a-c power 


b—Typical circuits for a scheme using direct current obtained by means 
of a copper oxide rectifier 


c—lTypical circuit for a scheme using single-phase a-c power 
For meaning of symbols see table | 


schemes a time delay before reclosing, including an 
auxiliary time delay relay (if not incorporated in the 
overcurrent relay or in the load shifting resistor 
breaker itself) is used to prevent rapid ‘‘pumping”’ of 
the breaker at any time. 
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D-C FEEDERS, AND VOLTAGE REGULATION 


D-c feeders, although usually included with the 
substation equipment, are considered a part of the 
_d-c distribution system. For unattended stations 
they are of the automatic load indicating reclosing 
type, and are identical in design with d-c feeder 
equipments usually furnished with any rotating ma- 
chines for the same service. 

Reduction of the d-c voltage for load shifting pur- 
poses can also be accomplished in special cases by the 
use of anode grid control. The rectifier can further 
by this means be given a predetermined sloping or 
flat voltage characteristic, as desired. Rectifier ap- 
plications with voltage regulating features have been 
made for railway, industrial, and communication 
work. Automatic stations are in service in which 
mercury arc rectifiers are installed operating in 
parallel with existing rotating machines. By proper 
design of the rectifier transformer, the regulation of 
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the new unit is made to agree with the installed 
machine, resulting in successful parallel operation. 
To obtain a substantially flat voltage characteristic 
instead of the inherent slope, or to obtain other 
degrees of compounding, anode grid control affords 
a very flexible and satisfactory method of accom- 
plishing this. Transformer tap changing may also be 
applicable in special cases. 

In connection with the abrupt rise in the d-c 
voltage characteristic to about 15 per cent above 
normal-at no-load, for those installations with inter- 
phase transformers, operating conditions generally 
are such that no special provision is required in the 
design of the equipment to hold down this voltage, 
but where necessary this can be accomplished by the 
use of a small loading resistor controlled by an under- 
current relay. 


PROTECTIVE TRIPPING OF THE D-C BREAKER 


To give maximum protection against possible in- 
jury to rectifier parts due to back-feed from the d-c 
load circuit on arc-back, the d-c line circuit breaker 
is usually of the so-called high speed type, connected 
to trip in the direction of power flow into the rectifier 
cathode, and to open the circuit in about 0.01 to 
0.015 second from the occurrence of the fault. How- 
ever, dependent upon the specific application, im 
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some 600 volt (d-c) installations and in most installa- 
tions 300 volts and below, panel mounted switchboard 
type circuit breakers with a circuit interrupting time 
of approximately 0.05 second will give sufficient pro- 
tection. 

In the case of severe overload, or short circuit, 
tripping in the normal direction of power flow on the 
d-c line circuit breaker is not usual, since this pro- 
tection should be incorporated in the d-c feeders 
or in the d-c load shifting resistor equipment when 
present, or in both. Protection on faults to ground 
inside the station may in some cases be afforded by a 
ground protective relay. The d-c breaker is usually 
opened immediately at any time the master con- 
tactor opens. 


PROTECTIVE TRIPPING OF 
THE A-C CrrcuIT BREAKER 


In addition to the tripping of this breaker by the 
opening of the master control circuit and master con- 
tactor on normal or emergency shutdown, a-c over- 
current relays are provided to trip this breaker on 
rectifier arc-back, transformer faults, and d-c bus 
faults. These overcurrent relays should preferably 
have a slight time delay to give selective tripping of 
the d-c load shifting breakers or d-c feeder breaker on 
d-c overloads or short circuits, without giving an 
undesirably long time on tripping in case of arc-back. 
Tripping of the oil circuit breaker on arc-back in 
multiple feed installations may also be accomplished 
by means of ‘d’”’ interlock (normally closed) con- 
tacts on the d-c circuit breaker, thus permitting the 
use of standard a-c overcurrent relays with longer 
time delay in this case. 

The use of overcurrent relays with a slight time 
delay has the further advantage of not causing false 
tripping on the magnetizing transient whenever the 
oil circuit breaker is closed to energize the power 
transformer, thus eliminating the need for a special 
desensitizing connection for the overcurrent relays 
for this purpose. A characteristic curve of such a 
relay, which has been quite generally used, compared 
to present day instantaneous relays, is shown in 
figure 6. 


PROTECTIVE DEVICES 


In case of a fault or other abnormal condition 
which would damage the unit if left in service or 
otherwise make it undesirable to keep the unit in 
operation, protective relays operate to take the 
equipment out of service, and to prevent its being 
restarted until it has been inspected. Where possible, 
and when there is no permanent fault inside of the 
station requiring human attention, other protective 
devices cause a temporary shutdown until conditions 
have again returned to normal. 

The following abnormal conditions cause a tempo- 
rary shutdown: 


1. Low or single phase a-c supply voltage—by induction type a-c 
undervoltage and single phase protective relays. 


2. Too high tank temperature—by thermostats mounted on the 
rectifier. 
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3. Too low tank temperature—by thermostats mounted on the 


rectifier. 

4. Too high tank pressure—by the vacuum relay. 

5. Single are-back—by a-c and d-c overcurrent and reverse current 
protective devices. In this case, both a-c and d-c breakers open, but 
are permitted to reclose after a time delay. The master control con- 
tactor does not open. However, if subsequent openings of these 
breakers occur, or if either breaker does not reclose within a definite 
time, an opening and a lock-out of the master contactor will take 


place. 


6. Failure of the cooling medium for the rectifier and for the 
mercury condensation pump—either directly by water flow relays 
or indirectly by rectifier and mercury condensation pump heater 


thermostats. 


7. Transformer over-temperature due to sustained overload—by 
a relay operating on embedded temperature coils or hottest spot 
indicators in the transformers or by a replica type of relay. 


8. Overheated load shifting resistors (when present)—by a thermo- 
stat located at the resistors. 

The following conditions cause a lock-out shut- 
down until the protective device giving the indication 
is reset manually. 


1. Succession of arc-backs—by a-c reclosing relay, covered by item 
5 above. 

2. Failure of rectifier to be connected to a-c and d-c system within 
a predetermined time—by a-c reclosing relay. 

3. Failure of transformer cooling medium—by air or water flow 
relay (for air or water cooled transformers). 

4. Severe a-c overcurrent—by a-c overcurrent relays and a-c re- 


closing relays. 


Protection against starting of the auxiliary motors 
on a-c undervoltage is afforded by the a-c under- 
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voltage and single phase protective relay. This de- 
vice also affords protection against single phase start- 
ing of the 3 phase motors. 

Protection in case of motor faults or short circuits 
is obtained by means of fuses, although such protec- 
tion may in certain cases be provided for a group of 
motors rather than for each individual motor. Three 
phase motors should, in addition, be protected against 
single phase running. 
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A single line diagram showing the desired co- 
ordination of protective devices under various fault 
conditions is given in figure 7. 


ADAPTABILITY FOR AUTOMATIC CONTROL 


Since the process of starting a mercury arc rectifier 
is inherently much simpler than for a rotating ma- 
chine, because no reduced voltage starting equipment 
is required, and because there are no moving parts 
which require time to come up to speed, the control 
equipment for automatic starting is less extensive 
than that required for a rotating machine. Further- 
more, certain automatic features of the control equip- 
ment, such as the tank pressure regulation, the tank 
and anode temperature control, and the ignition and 
arc holding circuits, are preferable even in a manually 
controlled station. The same is true of the associated 
protective features. Hence, the principal additional 
automatic features are electrical breaker closing 
mechanisms and the automatic reclosing relay to 
limit the number of reclosures of the a-c and d-c 
circuit breakers in'case of trouble. Hence, to date, 
most rectifier equipments in this country have been 
furnished for unattended installations. Those that 
are not fully unattended, have generally been ar- 
ranged for partial automatic control, with full auto- 
matic operation of the rectifier auxiliaries, so that an 
attendant merely closes or recloses the a-c and d-c 
circuits when required, and receives an alarm upon 
the occurrence of any abnormal condition that re- 
quires his attention. 


POSSIBLE FUTURE DEVELOPMENTS 


The foregoing is a résumé of present day practice 
in automatic control for mercury arc rectifiers. 
Due principally to future development possibilities 
in the rectifier itself, it may be expected that certain 
of these switching and protective arrangements may 
become modified or augmented to suit the change. 

The further application of voltage control by anode 
grids and the increased use of rectifiers as inverters 
and as frequency changers should result in a grad- 
ual simplification of the present control meth- 
ods for these less common rectifier applications. 
However, a further simplification of basic rectifier 
control and protective requirements appears to offer 
the best promise of simpler and less expensive auto- 
matic rectifier installations. 
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Locomotive + Caboose 
Radio Communication 


Although the characteristics of ultra-high 
frequency radio communication between 
fixed points have been established fairly 
well, the utilization of these frequencies 
in communication between front and rear 
of moving railway trains presented prob- 
lems of which little was known. This 
paper reports the results of extensive tests 
made to determine the practical value of 
these frequencies for such service, and de- 
scribes commercial equipment subsequently 
developed. 
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Tes use of ultra-high frequency radio 
of limited power output for communication over 
short distances has been rapidly extending into many 
fields of activity. The purpose of this paper is to 
report on certain tests which were made to determine 
the practicability of communication between front 
and rear of freight trains by this means. Tests were 
conducted over a long enough period of time to ex- 
perience all kinds of weather and other operating 
conditions. As might be expected a great many elec- 
trical and mechanical problems are encountered in 
such service that are not present when the sending 
and receiving points are stationary. 
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Experiments with many different methods of train 
communication have been tried in addition to the 
aurai and visual signals now commonly employed. 
Among the more important of these are: 


1. Waured Telephone or Telegraph Communication. Such a method, 
although possible, requires the equipping of each car on all railroad 
systems with a wire connection, couplings, etc. The installation 
expense, together with the fact that any break in the train interrupts 
communication, renders such a system impractical. 


2. Carrier Current Communication. This system has been used 
successfully. However, it has a serious disadvantage in that it 
requires a wire parallel to the tracks throughout the entire railroad 
system. 


3. Radio Communication. At the present time radio appears to 
be the best method of communication, giving as it does reliable ser- 
vice with a minimum of first cost and maintenance expense. Inradio 
communication the use of high frequencies now is favored because 
of the likelihood that such frequency allocation can be obtained 
for this service. 


Although the characteristics of ultra-high fre- 
quency between fixed points had been established 
fairly well, the utilization of these frequencies for 
mobile communication presented several problems 
about which little was known. Among these prob- 
lems may be mentioned the following: 


1. Transmitter power and receiver sensitivity required for normal 
train lengths. 


2. Optimum carrier frequency. 
3. Causes and magnitude of interference. 


4. The best type and location of the transmitting and receiving 
antennas on the locomotive and caboose. 


5. The special mechanical requirements for railway mobile radio 
equipment. 


With the above problems in mind, Westinghouse 
engineers in conjunction with the railway operating 
personnel conducted a series of tests using radio 
telephone communication between locomotive and 
caboose on the main line of the New York, New 
Haven and Hartford Railroad between New Haven, 
Conn., and Springfield, Mass. This is a distance of 
64 miles, and is through fairly level country. The 
work required approximately 18 months’ time during 
which the apparatus traveled some 36,000 miles and 
was operated for approximately 1,500 hours. 

The engine used during the tests was of the heavy 
freight service type equipped with automatic train 
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control. The caboose was of standard construction 
with a cupola in the center. 


DESCRIPTION OF EQUIPMENT 


The first experimental equipment consisted of a 
low power transmitter, a superregenerative receiver, 
and a dynamotor for power supply. These 3 units 
were shock-mounted and housed in a watertight steel 
box. Connected to this unit was a control box with 
microphone handset, a battery box containing a 6- 
volt 170-ampere-hour storage battery, and a special 
dynamic speaker. : 

The receiver was of the superregenerative type 
using a detector tube, an intermediate or ‘‘chopper”’ 
frequency tube, and an audio amplifier transformer 
coupled to the detector. 

The transmitter used 2 tubes operating as a push- 
pull unity-coupled oscillator with inductive coupling 
to the antenna and having a carrier output of ap- 
proximately 1.5 watts. The modulator section con- 
sisted of a speech amplifier which excited a class B 
modulator (tubes connected in push-pull fashion, 
but with grid voltages of such value that the tubes 
operate only during positive half cycles). The con- 
trol circuits were so arranged that during the receiv- 
ing period the plate voltage was removed from the 
radio frequency portion of the transmitter, and the 
speech amplifier and modulator operated as an audio 
amplifier for the receiver. The audio output of the 
receiver was sufficient to deliver more than 4 watts of 
audio power to the loud-speaker. Power for both 
the transmitter and receiver was supplied from a 
dynamotor having a 200-volt d-c output and operat- 
ing from a 6 volt storage battery. The total battery 
drain was approximately 6 amperes. 

On the locomotive, the transmitter-receiver case 
was mounted on the inside of the locomotive cab 
between the roof and the back partition of the cab 


Fig. 1. Half- 
wave transmit- 
ting andreceiv- 
ing antennas 
mounted on 
front of loco- 

motive 


locomotive 


Fig. 2. Transmitting equipment on 
tender 


overhang. While this location was not as desirable 
as others, for experimental purposes it allowed ad- 
justments on the equipment while the train was in 
motion. The location was especially subject to 
terrific racking and vibration, and in addition was 
subject to wide variations in ambient temperature. 
Temperatures from below zero to 140 degrees Fahren- 
heit were noted during the tests. The control box 
with microphone handset was mounted on the back 
partition of the cab and to the rear of the engineer’s 
seat. 

Because of clearance limitations on the locomotive, 
it was necessary to mount both the receiving and 
transmitting antennas on the front of the engine 
approximately 2 feet from the boiler as shown in 
figure 1. Each antenna was of the half-wave vertical 
type. A 2 wire transmission line was run from both 
the receiver and transmitter to the antennas. 

On the caboose, the transmitter-receiver was 
mounted inside the cupola with the control box so 
placed that operation could be controlled by a person 
riding in the cupola. The transmitting and receiv- 
ing antennas were mounted on each side of the 
caboose and were of the same type as used on the 
locomotive. 

Additional tests were conducted with a transmitter 
having an output of approximately 15 watts and 
operated in conjunction with an 8 tube superhetero- 
dyne receiver. The 15 watt transmitter consisted 
of 2 tubes operating in a push-pull oscillator circuit. 
A speech amplifier, supplying power to 2 tubes 
operating as a class B modulator, was used in con- 
junction with the oscillator. The oscillator unit 
was mounted in a weatherproof metal box. The 
power supply and modulator were assembled as a 
separate unit. Power was obtained from a 12-500 
volt dynamotor which supplied both the modulator 
and oscillator unit. 

The receiving equipment consisted of an 8 tube 
superheterodyne with full automatic volume con- 
trol. Power supply for this unit was obtained from 
a 6-200 volt dynamotor. 
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Fig. 3. 


Transmitter and antenna on cupola of 
caboose 


The general location of this equipment was essen- 
tially the same as previously described, except that 
the transmitter on the locomotive was mounted on 
the rear deck of the locomotive tender, just back of 
the coalcompartment. The antenna used was of the 
half-wave horizontal type and was placed adjacent 
to the transmitter as shown in figure 2. 

On the caboose, the transmitter was mounted in 
the rear of the cupola with a horizontal antenna 
directly above it as shown in figure 3. The modu- 
lator and power supply unit for the oscillator was 
located in one of the locker spaces in the caboose. 
In both the locomotive and caboose, the superhetero- 
dyne receiver was inclosed in the same case as was 
used previously for the low power equipment. 


RESULTS 


In solving the problems listed in the first part of 
this paper, it should be emphasized that they were 
viewed from the standpoint of practical reliable 
communication under actual railroad operating 
conditions. The tests were made under all kinds 
of weather conditions, from subzero cold, snow, and 
ice, to summer heat, rain, and fog. Conclusions 
were drawn only after several test runs with trains 
of various lengths had verified the results. The 
wide range of operating conditions in railway serv- 
ice makes single tests of little value. 

Receiver Sensitivity. The receiver sensitivity 
necessary for satisfactory communication was de- 
termined largely by the clearance space available 
on the locomotive and caboose for the antenna and 
the permissible background noise level. The sensi- 
tivity of both the superregenerative and superhetero- 
dyne receivers used was of the order of 5 microvolts 
per meter for full output. Variations in receiver 
output were minimized by the use of automatic vol- 
ume control. The sources of radio interference 
causing a high noise level were found to be: 

1. Automobile and truck ignition systems, especially in cities and 
near railway stations. 

2. Industrial plants close to the right of way. 

3. Snow and steam static. 

4. The variable contact between metallic parts of the locomotive, 


caboose, and adjacent cars. 


Where the railway was electrified with overhead 
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trolley systems, leakage of the insulators in wet 
weather added some noise; but passing electric 
locomotives caused no interference. Altogether a 
receiver sensitivity of 5 microvolts per meter and an 
audio output of from 3 to 5 watts proved sufficient. 
A higher sensitivity was undesirable because of the 
excess background noise received when the distant 
transmitter was not in use. Other noticeable effects 
of mobile operation were in general that when either 
the locomotive or caboose was passing over or under 
a bridge with a metal framework overhead, a 
marked increase in field strength was observed, and 
when passing through cuts or past buildings a general 
reduction in field strength was noted. 

Transmitter Power. The transmitter power was 
determined by the requirements for reliable com- 
munication with trains up to 200 cars in length and 
the restrictions imposed by available clearances for 
antennas on locomotive and caboose. Figure 4 
shows the “per cent communication” for the 1.5 
watt and 15 watt transmitters for various lengths 
of trains both stationary and in motion. By “per 
cent communication’ is meant the percentage of trans- 
mitted test signals received correctly at the opposite 
end of the train. The “per cent intelligible communi- 
cation’ in actual use would be somewhat higher, 
because even under conditions when scattered symbols 
or words are unintelligible most messages still would 
be received understandably. Data were obtained 
from actual trials for train lengths up to 130 
cars, but were estimated for longer trains. The 
difference in communication obtained when the 
train is under way and when it is standing still is 
attributable partly to the much higher noise level 
when the train is running and, also, to the variable 
attenuation of the signal under the running condi- 
tions. Figure 5 shows the communication changes at 
different points along the route. These 2 curves 
give an over-all picture of mobile communication 
that is difficult to convey in words. It may be noted 
that under favorable conditions and with relatively 
short trains the lower power transmitter gave satis- 
factory communication for upward of 90 per cent 
of the time, but with longer trains and at unfavorable 
points along the route the received signal was rela- 
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tively poor, because of long fading periods. During 
a fading period, the automatic volume control in 
the receiver attempts to hold the output constant, 
increasing the sensitivity and hence the background 
noise which interferes with communication. Higher 
transmitter power reduced the fading and hence the 
background noise. From the extensive tests con- 
ducted on trains up to 130 cars in length it is believed 
that under the operating conditions encountered 15 
to 25 watts of transmitter power is essential for 200 
car trains to assure sufficiently reliable communica- 


tion. 
CARRIER FREQUENCY 


Tests were made with carrier frequencies in the 60 
megacycle, as well as in the 30 to 40 megacycle 
bands. In general, there was little choice between 
these frequencies. There was slightly less ignition 
and industrial interference at 60 megacycles, and 
the antenna systems required were of smaller dimen- 
sions for the same efficiency. Offsetting these effects, 
the fading and reflections were more marked at 60 
megacycles, resulting in somewhat greater variations 
in received signals. ‘Therefore, the transmitter and 
receiver frequency stability had to be relatively bet- 
ter at the higher frequencies to give the same reli- 
ability of communication. At the present state of 
the art, it is believed that the 30 to 40 megacycle 
band is better suited to railroad communication 
than the 60 megacycle band. 


ANTENNA 


Quarter-wave and half-wave antennas of dimen- 
sions suitable for 35 and 60 megacycle operation 
were tested in various locations on the locomotive 
and caboose. Where clearance limitations permit- 
ted, the vertical half-wave antenna was satisfactory. 
Figure 1 shows the vertical 60 megacycle half-wave 
antenna on the locomotive. However, in the tests 
at 35 megacycles the half-wave antenna had to be 
mounted horizontally. This gave better results 
than a vertical quarter-wave antenna at the same 
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frequency. Figures 2 and 3 show the 35 megacycle 
horizontal antenna on the locomotive and caboose. 
In general, the design and location of the transmit- 
ting antenna seemed to affect communication to a 
greater extent than that of the receiving antenna. It 
was concluded that for 30 to 40 megacycles, either 
the half-wave horizontal or half-wave vertical an- 
tenna was satisfactory for both transmitter and re- 
ceiver. 


OPERATING ARRANGEMENT 


Two general systems of operation may be used: 
(1) simplex, in which the speaker, by means of a 
push button on the microphone or otherwise, places 
his transmitter on the air while speaking; (2) duplex, 
in which both transmitters are on the air simultane- 
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Fig. 6. Commercial assembly developed, showing 
at the left the transmitter and at the right the rectifier 


ously during the communication period. In both 
systems, the receivers are in operation continuously. 

For simplex operation, only one frequency is 
necessary for both ends of the train, as only one trans- 
mitter is on the air at one time. Duplex operation 
may be slightly faster in that the front to rear and 
rear to front channels are entirely separate and can 
be used simultaneously; but this system requires 2 
frequencies, one for the locomotive transmitter and 
one for the caboose transmitter. With the use of 
the duplex system, there was some interference to 
the local receiver which resulted in a higher noise 
level. This apparently was caused by shock excita- 
tion of conductors by the local transmitter and vari- 
able contacts and sparks between surrounding metal 
parts. This includes rail and wheel contact, brake 
rigging, and other metal parts of the locomotive, 
caboose, and adjacent cars. The results of the tests, 
during which the train crews operated the equip- 
ment at various times, indicated that simplex opera- 
tion is adequate for this application and is preferred 
from a practical standpoint because of interference 
difficulties with the duplex system. 
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SPECIAL REQUIREMENTS, 
AND COMMERCIAL APPARATUS DEVELOPED 


For satisfactory railroad mobile radio communica- 
tion service, the equipment must be designed to 
withstand extremely severe shocks, which are com- 
mon during switching and yard operation. The 
equipment must be housed in weatherproof boxes 
but at the same time must be readily accessible for 
inspection and service. 

Making use of the data and experience obtained 
during the development and test work described, 
commercial railroad communication equipment was 
designed. A brief description of this equipment is 
given in the following paragraphs. Figure 7 shows 
the arrangement and connection of units for either 
locomotive or caboose. 

Transmitter Assembly. The transmitter is of the 
master oscillator power amplifier type with an output 
of 25 watts to the antenna. For both the class B 
modulator and the radio frequency portion of the set 
type 801 tubes are used, and for the speech amplifier 
a type 59 tube. A frequency range of from 30 to 42 
megacycles is obtainable. In the same case with 
the radio and audio apparatus is the necessary 
rectifier for operating the transmitter from the 110- 
volt 60-cycle a-c supply obtained from the converter. 
Both rectifier and transmitter are shock-mounted in- 
side the weatherproof steel box. A complete trans- 
mitter and rectifier assembly is shown in figure 6. 
The complete unit requires a total of 250 watts 
during the transmitting period, and 8 watts during 
stand-by periods. 

Receiver. The receiver is a complete self-con- 
tained a-c operated superheterodyne using the same 
power supply as the transmitter. A sensitivity of 
better than 5 microvolts per meter, with a minimum 
of background noise, is obtainable. Full automatic 
volume control and an undistorted power output of 4 
watts are provided. The unit is shock-mounted 
and housed in a steel weatherproof case. A power 
input of 50 watts is required. Operating in conjunc- 
tion with the receiver is a dynamic loud-speaker 
protected against dust and spray. 

Antennas. The transmitting and receiving an- 
tennas are of the half-wave horizontal type, shown 
in figure 7, and consist of °/, inch brass pipe approxi- 
mately 10 feet long with suitable terminations to 
match a concentric transmission line. 

Control Box. A control box is provided which 
contains a master switch and a telephone handset. 
The output of the receiver in addition to sup- 
plying the loud-speaker operates the ear receiver in 
the handset so that operation is similar to that of 
the ordinary telephone. Provision is made so that 
the complete equipment can be locked when not in 
use. 

Power Supply. When used on engine or caboose, 
the equipment operates in conjunction with a con- 
verter designed to convert the standard 32-volt 
d-c train supply to 110-volt 60-cycle alternating 
current which is necessary for operation of the trans- 
mitting and receiving equipment. On the engine, 
power is obtained through the converter directly 
from the headlight generator which is capable of 
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Fig. 7. Schematic diagram showing connections of 
commercial equipment developed. Equipment for 
locomotive cab and caboose is identical 


being operated at all times while the engine is in 
service. 

In the caboose, it is necessary to install some form 
of power supply. Many forms, such as an air en- 
gine, a gasoline engine, etc., have been considered, 
but it is expected that the final decision will favor 
the installation of a 32 volt battery of the standard 
car lighting type with a small axle driven charging 
generator. 

Installation and Operation. During the receiving 
period, a current of 5 amperes is required from the 
32 volt supply. During the transmitting period, 
a current of 14 amperes is required. 

As both the transmitter and receiver are in weath- 
erproof cases, they may be mounted in any con- 
venient location on the locomotive or caboose. 

The control box, and the loud-speaker, receiver, 
and transmitter cases, together with the necessary 
wiring, are located as a permanent installation on 
the locomotive and caboose. The transmitter and 
receiving units are readily removable from their 
cases. They may be removed and used for other 
trains in the event that the engine or caboose is 
transferred temporarily from a run where radio 
service normally is employed to a run where the 
service has not been established. 

It is believed that the equipment just described, 
utilizing the data and experience gained by 18 
months of development under actual operating 
conditions, will provide a communication system 
meeting the severe requirements of railroad service. 
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News 


Of Lnstitute ane | Related Activities 


Looking north toward Central Park and upper Manhattan from the Rockefeller Center observation roof on top of the 70 
story RCA Building in New York City. The festoons of lights at the upper left are on the George Washington Bridge 


across the Hudson River, and the heavy stream of lights at the right marks Fifth Avenue. 


The large building to the left of 


the small oval-shaped area which may be seen at the lower end of Fifth Avenue is the Plaza Hotel between 58th and 59th 


Streets, where the Institute’s dinner dance will be held during the winter convention. 


extends to 110th Street 


A.1.E.E. Winter Convention Affords 
Technical and Social Opportunities 


Maxy technical developments and at- 
tractive social features are on the program 
for the A.I.E.E. winter convention which 
will be held in the Engineering Societies 
Building, 33 West 39th Street, New York, 
N. Y., January 28-31, 1936. At the open- 
ing of the convention on Tuesday morning 
recognition will be made to Dr. A. E. 
Kennelly for having received the triennial 
Mascart Medal award, mention of which 
is made elsewhere in this issue. The first 
of the technical sessions will be held im- 
mediately after the opening session, and 
will continue during the mornings and 
afternoons of the first 3 days. In the 
evenings the Edison Medal presentation 
and lecture, a smoker, and the annual 
dinner dance will take place. The period 
of the convention will be interspersed with 
important committee meetings, conferences, 
and inspection trips to places of interest 
where may be seen many diversified uses 
of electricity. As in the past, Friday will 
be devoted exclusively totrips. In addition 
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to the other social features of the pro- 
gram Mrs. A. F. Dixon, chairman of the 
womens’ entertainment committee, is ar- 
ranging an interesting program for the 
women. 

A summarized schedule of events is given 
in the accompanying tabulation. Plan 
now to attend the 1936 winter convention 
and take part in these functions arranged 
by your committees. 


EpIson MEDAL 
PRESENTATION AND LECTURE 


Dr. Lewis B. Stillwell will be presented 
with the Institute’s Edison Medal for 1935 
in the engineering auditorium on the even- 
ing of January 29 at 8:15 p.m. The Edison 
Medal committee awarded the medal to 
Doctor Stillwell “for distinguished engi- 
neering achievements and his pioneer work 
in the generation, distribution, and utiliza- 
tion of electric energy.” Further details 
on the award and the career of Doctor 


North of 59th Street, Central Park 


Stillwell are given on page 122 of this issue. 

After the medal presentation a lecture on 
astronomy will be given by the well-known 
astronomer, Dr. Harlow Shapley of the 
Harvard University observatory. 


TECHNICAL PROGRAM 


The technical program has been arranged 
to provide the membership with the latest 
developments in a number of specialized 
fields. Thirteen technical sessions in almost 
as many different fields of activity have 
been scheduled on the program. The 
tentative list of papers for these sessions 
was published in ELEcTRICAL ENGINEERING 
for December 1935, page 1409. With each 
title is a reference to the issue in which the 
complete paper is published. The tentative 
technical program as announced therein is 
final with the following additions and 
change. 

In the first session on electrophysics, 
scheduled for Tuesday, January 28, 10:30 
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/ a.m., a demonstration, “High Speed Pic- 
tures of Mercury Arc Spots’’ will be given 
by H. W. Lord of the General Electric 
Company. In the session on synchronous 
and other machines scheduled for Wednes- 
day, January 29, 10:00 a.m., in place of 
the paper on ‘“‘Mechanical and Electrical 
Problems Involved in the Design and Con- 
struction of Large Turbine Generators’’ the 
following paper will be presented: 

Sirpinc Contacts—ELECcTRICAL CHARACTERISTICS, 
R. M. Baker, Westinghouse Electric and Manu- 
facturing Company. 

Published in this issue, p. 94-100. 


To the session on Transportation the fol- 
lowing paper has been added: 

LocomorTivE TO CABOOSE RADIO COMMUNICATION, 
S. G. Ellis, Westinghouse Electric and Manufactur- 
ing Company. 

Published in this issue, p. 109-13, 

In addition to the 13 sessions at which 
papers will be presented, another session 
will be devoted exclusively to electric weld- 
ing demonstrations. The application of 
high speed photography to the study of 

_weld phenomena will be demonstrated by 
H. A. Winne of the General Electric Com- 
pany. Another interesting demonstration 
now being worked up by W. E. Crawford 
of the A. O. Smith Corporation probably 
will show the phenomena of the flash weld- 
ing arc. There is also the possibility of 
another very interesting demonstration, by 
engineers of the Westinghouse Electric and 
Manufacturing Company, which, by means 
of the cathode ray oscilloscope, will show 
the accuracy of control of an igniter type 
of rectifier tube in dealing out anything 
from 1/2 cycle up to any desired number of 
cycles in each individual weld. 

Several round table discussions also will 
be held on the subject of transformers for 
communication purposes, network syn- 
thesis, and sound; H. S. Osborne, E. L. 
Bowles, and P. L. Alger, respectively, will 
preside over these sessions. The discussions 
at these meetings will not be published but 
engineers are invited to attend and feel free 
to take part in the discussions. Notice of 
the meeting room locations will be posted 
on the bulletin board during the convention. 


SMOKER AT Mecca TEMPLE 


This year the winter convention smoker 
will be held at Mecca Temple Casino, 
133 West 55th Street, New York, N. Y., 
Tuesday, January 28. It will afford a 
splendid opportunity for members and their 
friends to get together for a visit and enjoy 
an excellent dinner and a full evening of 
entertainment. Dinner will begin promptly 
at 6:30 p.m. The committee has arranged 
for a unique program of entertainment 
which will be given on the stage in the same 
hall where dinner will be served. Mecca 
Temple has been redecorated and modern- 
ized and its facilities will meet all of the 
demands, including plenty of space to 
gather and talk. 

The price of tickets this year will be 
$2.50 per person, including taxes. All seats 
will be reserved. Each table will seat 10 
persons; parties may be arranged but 
reservations must be grouped on one appli- 
cation, otherwise seating will be made by 
the committee. 

A large attendance is expected this year 
and the number of tickets sold will be 
limited. Therefore, it is advisable to mail 
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your request for tickets and seating with 
temittance as early as possible to A.I.E.E. 


Smoker Committee, 33 West 39th Street, 
New York, N. Y. 


ANNUAL DINNER DANCE 
AND BUFFET SUPPER 


For those who would enjoy meeting their 
friends in the splendid surroundings of a 
great metropolitan hotel, the dinner dance 
has this year been arranged to be held at 
The Plaza, Fifth Avenue between 58th 
Street and 59th Street, New York City. A 
combination dinner, dance, and buffet 
supper again will be featured. 

Because of the flexibility of this arrange- 
ment which has been so popular, a pleasant 
evening may be enjoyed by all according 
to their tastes, in a hotel which many will 
remember as one of New York’s best. 

It may, perhaps, be sufficient to say that 
the grand ballroom and adjacent facilities, 
including lounge rooms, will be reserved for 
the Institute’s members and their guests. 
The Plaza can be counted upon to furnish 
a menu in keeping with its reputation. 
Music will be furnished by George Ellner’s 
Orchestra, whose good rhythms may be 
remembered by many from other enjoyable 
affairs of the Institute. The arrangement 


Summarized Schedule 
of Principal Events 


Tuesday, January 28 

9:00 a.m. 
10:00 a.m. 
10:30 a.m. 


Registration 
Opening of convention 


Parallel technical sessions: 

—Communication 

—Electrophysics—I 

2:00 p.m. Parallel technical sessions: 

—Instruments and measure- 
ments 

—Electrophysics—II 


6:30 p.m. Smoker at Mecca Temple 


Wednesday, January 29 


10:00a.m. Parallel technical sessions: 
—Power transmission 
—-Synchronous machines 
—Electrochemistry and elec- 


trometallurgy 
Luncheon conference—Student 
Branch counselors and ccom- 
mittee on education 


Parallel technical sessions: 

—Symposium on magnetic 
materials 

—Electrical machinery 

—Automatic stations 


Presentation of Edison Medal 
to Dr. L. B. Stillwell 

Lecture on astronomy, by Dr. 
Harlow Shapley 


Thursday, January 30 


10:00 a.m. Parallel technical sessions: 
—Symposium on moderniza- 
tion of distribution systems 


—Transportation 


Parallel technical sessions: 

—Protective devices 

—Electric welding demonstra- 
tions 

Annual dinner dance and 

buffet supper dance at the 

Plaza Hotel 


Friday, January 31 


All Day Inspection trips 


of dances and encores will be that which 
has been found so successful of late at our 
annual dances. 

The program is: 


Fe BOLD IS vc auaethrteie ava icici sie yele sa ely Coa ITE 
9230p: to: 2200 ail. as wiers wie' ss vietheln'e s Dancing 
Midnreht to) 22-00, @s0t. cece cicic's'iv'elisiste Buffet Supper 


The tariffs will be the same as last year: 


Dinner and dance..............-$5.00 per person 
Dinner, dance, and buffet supper. $6.50 per person 
Dance and buffet supper......... $3.00 per person 


In order to assist the committee, early 
purchase of tickets is requested. Dinner 
reservation requests should indicate names 
of guests and desired seating arrangements. 
Tables will be laid for 8 or 10 places and 
every effort will be made to comply with 
requests of members. 

Reservation requests should be sent to 
the A.J.E.E. Dinner Dance Committee, 
33 West 39th Street, New York, N. Y., 
checks being made payable to H. H. Hen- 
line, national secretary. 


INSPECTION TRIPS 


Preliminary arrangements made by the 
inspection trips committee reveal many 
attractive features. Seventeen visits have 
been planned covering a wide variety of 
subjects—some highly technical, others of 
general engineering interest, and still others 
chosen more for their broad educational 
value than for their close relation to elec- 
trical engineering. 

As in past years, Friday will be devoted 
exclusively to inspection trips, but visits 
have been planned for the other days of 
the convention in such a way as to supple- 
ment the technical sessions on those days. 

The schedule, which is subject to change, 
follows: 


Tuesday, January 28 

1. RCA Radiotron Company 

2. -New York Police Department—ballistics bu- 
reau and radio communication 

Wednesday, January 29 


1. Hell Gate generating station—automatic fre- 
quency and load control 

2. Electric Fireboat ‘‘John J. Harvey”’ 

3. General Cable Corporation 

4. Hayden Planetarium 

Thursday, January 30 


1. Metropolitan Device Corporation 

2. Electrical Research Products, Inc. 

3. Columbia Presbyterian Medical Center 

4. The New York Edison Company, Inc.—splicing 
school 

Friday, January 31 


1. Bell Telephone Laboratories 

2. Radio City Music Hall 

38. New York Stock Exchange 

4. Pyrene Manufacturing Company—fire fighting 
demonstration 

5. ‘“‘Monarch of Bermuda”’ 

6. General Electric ‘““House of Magic’’ 

7. National Broadcasting Company studios 


One of the most interesting features 
having general appeal is a visit to the 
Hayden Pianetarium where a special pro- 
gram has been arranged, including a lec- 
ture by Dr. Clyde Fisher, curator of the 
department of astronomy of the American 
Museum of Natural History. 

Of unusual interest to members will be 
an inspection trip to the physiological 
laboratories of the Columbia Presbyterian 
Medical Center where the application of 
electricity and electrical measurements to 
physiology may be seen. 

Several motor bus trips have been ar- 
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ranged without charge to members through 
the courtesy of co-operating companies. 
These include a demonstration of fire fight- 
ing by the Pyrene Manufacturing Company 
in Newark, N. J., a visit to the Bayonne 
plant of the General Cable Corporation, and 
a trip to Hell Gate generating station of 
the New York Edison Company, Inc., 


the territory and dates applicable. Obtain 
your certificate authorized by the railroad 
passenger associations. 


REGISTER IN ADVANCE 


Members in nearby Districts should fill 
in and post promptly the mail registration 


Table I—A Few of the Hotels Available 


Rooms With Private Bath 


Hotel Location Single Double 
Actor eae ssa Broad way and 44th) St. 2c. is el se PS) 00— GOO ratiuapt 100-5500 
Biltmore... o.0-...0c-.s-ee ... Madison Ave..and, 43rd St... .- 2522.2 4500-10200... >. 200-12), 00 
Gommodores neces. Lexington Ave, and 42ndiSt \c. dander 3.00— 5.00...... 4.50— 8.00 
LOG IEGSNS od msbeciee bo aeD 1 1298-248 W, A7th Sti. .e 2 cctas ee es woe) 2eOU—OL.00% 5... «4 00="8200 
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where automatic frequency and load con- 
trol apparatus and 132 kv cable terminals 
may be seen. 

Interesting electric welding operations 
will be seen at the plant of the Metropolitan 
Device Corporation, as well as a novel 
method of electric baking recently developed 
by that company. 

_ The visits on the regular schedule have 
been carefully selected with a view to meet- 
ing the desires of the largest number of 
members. The committee conceives it to 
be its duty and pleasure to make it possible 
for any member attending the convention 
to inspect the things in which he is most 
interested. To this end special trips will 
be undertaken, in so far as practicable, for 
small groups who make application in time 
for arrangements to be completed. A list 
of possible special objectives, including sub- 
stations, generating stations, laboratories, 
manufacturing plants, etc., is being com- 
piled and will be made available at the 
opening of the convention. 

Because of possible changes in the regular 
schedule given above, inquiry should be 
made at the inspection trips desk at the 
opening of the convention. It is earnestly 
requested that members apply promptly for 
reservations inasmuch as, in several in- 
stances, the numbers which can be accom- 
modated are necessarily limited. 


HorTeL RATES 


Reservations for hotel accommodations 
should be made by writing directly to the 
hotel of your preference. The Plaza, where 
the dinner dance will be held has arranged 
for special room rates during the conven- 
tion. In table I is included a brief list of 
some of the leading hotels in the vicinity. 


REDUCED RAILROAD RATES 


Fare and one-third for the round trip 
over the same route will be available to 
members and guests, provided 100 certifi- 
cates are validated at the registration desk. 
Consult your local ticket agent regarding 
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card which was included with the mailed 
announcement of the winter convention 
sent them. This will permit the committee 
to have badges ready and prevent conges- 
tion at the registration desk upon arrival. 
There will be a registration fee of $2 for 
non-members with the exception of Enrolled 
Students of the Institute, and the immediate 
families of members. 


CoL_uMBIA ALUMNI DINNER 


A dinner for the electrical engineering 
alumni of the Columbia University school 
of engineering will be held on Wednesday, 
January 29, 6:30 p. m. at the Columbia Uni- 
versity Club, 4 West 43d Street. The din- 
ner will conclude in time to permit attend- 
ance at the Edison Medal presentation. 
Dinner reservations at $1.50 may be made 


- with A. D. Hinckley, school of engineering, 


Columbia University, New York, N. Y. 


A.1.E.E. Executive 
Committee Meets 


A méeting of the executive committee 
of the A.I.E.E. was held at Institute head- 
quarters, New York, N. Y., on December 
11, 1935, in place of the regular meeting of 
the board of directors. 

There were present: President E. B. 
Meyer (chairman), Everett S. Lee, L. W. W. 
Morrow, W. I. Slichter, R. H. Tapscott, 
J. B. Whitehead, members of the com- 
mittee; C. R. Jones, director; H. H. Hen- 
line, national secretary. 

Resolutions were adopted in memory of 
Edwin Wilbur Rice, Jr., a past-president 
and Honorary Member of the Institute, who 
died on November 25. (The resolutions 
appear elsewhere in this issue.) 

A report of a meeting of the board of 
examiners held November 18, 1935, was 
presented and approved. Upon the recom- 
mendation of the board of examiners, the 
following actions were taken: 1 applicant 
was elected and 2 applicants were trans- 
ferred to the grade of Fellow; 29 were 
elected and 32 were transferred to the grade 
of Member; 104 were elected to the grade 
of Associate; 854 Students were enrolled. 

Expenditures amounting to $21,694.30 in 
the month of November and $20,878.37 in 
December were reported by the finance com- 
mittee and approved. 

Chairman Everett S. Lee reported a 
slight increase over last year in the number 
of applications for membership received since 
May 1, and the highest percentage of paid- 
up members since 1920. 

The selection by the District executive 
committee of the dates of May 6-8 for the 
previously authorized North Eastern Dis- 
trict meeting to be held in New Haven, 
Conn., in 1936, was reported. 

The appointment by the president, upon 
the recommendation of the standards com- 
mittee, of A. J. Williams, Jr., as an A.I.E.E. 
representative on the Sectional Committee 
on Vacuum Tubes for Industrial Purposes, 
of the American Standards Association, 
was reported and approved. 

Report was made that the board of di- 


Membership— 


Mr. Institute Member: 


Your loyal participation in sending in names, together with the 
continuously effective work of the Section membership committees, 
has brought the number of new applications for membership received 


since May 1, 1935, to a total of 426 as of December 1, 1935. 


In the corresponding period of the previous year, 408 new appli- 
cations for membership were received. 

Your continued helpful ‘participation in sending in names will 
make for continued advance. 


Chairman National Membership Committee 
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rectors by letter ballot, since its October 
meeting, had voted to accept an invitation 
to the Institute to be represented on the 
American National Committee of the Third 
World Power Conference, which is to be 
‘held in Washington, D. C., September 7-12, 
1936. 

An invitation was presented from the 
department of mechanical engineering of 
Lehigh University for the Institute, par- 
ticularly its members in the Lehigh Valley, 
Pa., to participate in the celebration at the 
university, on January 20, of the 200th 
anniversary of the birth of James Watt. 
It was voted that a notice of this event 
should be published in the January issue 
of ELECTRICAL ENGINEERING. 

Other matters were discussed, reference 
to which may be found in this or future 
issues of ELECTRICAL ENGINEERING. 


Louisiana Engineering 
Society to Meet 


The Louisiana Engineering Society is 
amplifying its annual meeting for 1936 
into a 2 day session to take place on January 
24 and 25, with headquarters at the St. 
Charles Hotel, New Orleans, La. 

The program calls for registration Friday 
morning, January 24, at headquarters of 
the society, a meeting of district representa- 
tives, and a general meeting of the society; 
and visits to plants and points of interest 
Friday afternoon. 


The technical program will be held 
Saturday morning, with Saturday afternoon 
open for recreational activities. The an- 
nual banquet at the St. Charles Hotel, 
Saturday night, will conclude the meeting. 
Ample opportunity will be provided for 
members of the society and all other inter- 
ested engineers to take part in both technical 
and social events. . 

The New Orleans Section of the A.I.E.E. 
is co-operating in this meeting, and will 
furnish the program for one session. 


A.1.E.E. Officers 
to Be Nominated Soon 


The national nominating committee of 
the A.I.E.E. will meet during the winter 
convention, New York, N. Y., January 28- 
31, 1936, for the purpose of nominating 
national officers to be voted upon by the 
membership in the spring of 1986. The 
national nominating committee which has 
been named in accordance with the By-laws 
is as follows: 


Representing the Board of Directors 


F. M. Farmer 
W. H. Harrison 


W. B. Kouwenhoven 
A. C. Stevens Everett S. Lee 


Representing the Geographical Districts 


Dist. 1. W.H. Timbie, Massachusetts Institute 
of Technology, Cambridge. 

Dist. 2. W. E. Wickenden, Case School of 
Applied Science, Cleveland, Ohio. 

Dist. 3. H. R. Woodrow, Brooklyn Edison 
Company, Brooklyn, N. Y. 

Dist. 4. F. M. Craft, Southern Bell Telephone 


and Telegraph Company, Atlanta, Ga. 


132 Kv Cable Terminals at Hell Gate 
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Tens cable terminals on the 132 kv underground feeders at Hell Gate generating station 
of the New York (N. Y.) Edison Company, may be seen by those attending the Institute’s 
winter convention in New York, January 28-31, 1936. 


January 1936 


Future AIEE Meetings 


Winter Convention, 
New York, N. Y., Jan. 28-31, 1936 


North Eastern District Meeting, 
New Haven, Conn., May 6-8, 1936 


Summer Convention, 
Huntington Hotel, Pasadena, Calif., 
June 22-26, 1936 


Middle Eastern District Meeting, 
Pittsburgh, Pa., part of week of Oct. 
12, 1936 
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F. H. Lane, Byllesby Engineering and 
Management Corporation, Chicago, Ill. 
H. S. Evans, University of Colorado, 
Boulder. 

Cc. W. Mier, Southwestern Bell Tele- 
phone Company, Oklahoma City, Okla. 

O. W. Holden, Bureau of Power and 
Light, Los Angeles, Calif. 

J. A. Thaler, Montana State College, 
Bozeman, 

Cc. V. Christie, McGill 
Montreal, Que., Canada. 
L. B. Chubbuck (alternate) Canadian 
Westinghouse Company, Hamilton, 
Ont. 
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University, 


The amended provisions of the consti- 
tution and by-laws relating to nomination of 
officers were given in ELECTRICAL ENGI- 
NEERING for November 1935, page 1270, 
wherein members were invited to submit 
suggestions for nominations not later 
than ‘December 15, 1935. The methods 
whereby nominations also may be made 
independent of the nominating committee 
were given in that item. Briefly, inde- 
pendent nominations may be made by a 
petition of 25 or more members sent to 
the national secretary at Institute head- 
quarters, not later than March 25, to be 
placed before the nominating committee for 
inclusion in the ballot of such candidates as 
are eligible. Petitions for the nomination 
of vice president may be signed only by 
members within the District concerned. 


Mascart Medal Awarded 
to Past-President Kennelly 


Announcement has been made that the 
Société Francaise des Electriciens has 
awarded the Mascart Medal for 1936 to 
Dr. A. E. Kennelly (A’88, F’13, HM’33, 
Life Member, and past-president) professor 
emeritus of electrical engineering, Harvard 
University and Massachusetts Institute of 
Technology, Cambridge. Recognition of 
this award to Doctor Kennelly is to be 
made during the opening session of the 
A.I.E.E. winter convention in New York, 
N. Y., Jan. 28-31, 1936. Doctor Kennelly, 
who has long been active in the affairs of 
the Institute, having served as president 
1898-1900, was chosen by reason of the 
numerous and eminent works which he has 
to his credit and the very valuable collabora- 
tion which he has given to international 
electrical congresses and affairs. (Bio- 
graphical sketches of Doctor Kennelly’s 
career appear in ELECTRICAL ENGINEERING 
for July 1935, page 798, and in this issue, 
page 123.) 
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The Mascart Medal was established by 
the Société Francaise des Electriciens in 
1923 as a triennial medal to be awarded 
in honor of Mascart, the eminent scientist 
who founded that society, the Laboratorie 
Central, and the Ecole Superieure d’Elec- 
tricité. According to the terms of the 
by-laws adopted for this award, the medal 
will be conferred upon a scientist or an 
engineer, French or foreign, whether or not 
he is a member of the society, who is dis- 
tinguished by a group of works on pure or 
applied electricity. 

The committee of this society, at its 
meeting of November 20, 1935, decided, by 
acclamation, to award the medal for 1936 
to Doctor Kennelly. The previous awards 
of the medal have been made to: 


Andre Blondel (A’05, HM ’12) 
Sir J. J. Thomson 

Paul Janet 

Paul Boucherot 


1924 
1927 
1930 
1933 


United States National 
Committee of I.C.I. Meets 


The United States national committee of 
the International Commission on Illumi- 
nation held its annua! meeting at Engineer- 
ing Societies’ Building, New York, N. Y., 
November 15, 1935. G. H. Stickney was 
re-elected president and Prof. H. B. Dates 
was elected secretary-treasurer. Messrs. 
Stickney and Dates were also chosen as 
U.S. members of the I.C.I. executive 
committee. 

The committee approved, with only a few 
minor reservations, all of the resolutions 
adopted by the I.C.I. meeting in Karlsruhe, 
Germany, last July. Prof. C. D. Fawcett 
was reappointed director of the I.C.I. 
secretariat on lighting education and Prof. 
H. B. Dates of the secretariat on lighting 
practice. U.S. representatives were ap- 
pointed for the new list of I.C.I. technical 
committees. 

Other plans were formulated in prepara- 
tion for the J.C.I. convention which is 
scheduled to be held in Holland in 1988. 
The commission and the U.S. committee 
are both in prosperous condition and are 
undertaking significant work of importance 
in the lighting field. 

Among notable recent accomplishments 
are the assurance of a satisfactory primary 
standard of light, elimination of discrepan- 
cies in photometry, and a guiding outline 
of practice and regulations for aviation 
lighting. 


Refrigerating Machinery Standards 
Adopted. A standard entitled ‘Proposed 
Standard Method of Rating and Testing 
Mechanical Condensing Units’’ has been ap- 
proved by the American Society of Re- 
frigerating Engineers, the Refrigerating Ma- 
chinery Association, and the refrigeration 
division of the National Electrical Manufac- 
turers Association. These standards, con- 
sisting of a 14 page 8!/, by 11!/. inch pam- 
phlet, are obtainable from the American 
Society of Refrigerating Engineers, 37 West 
39th Street, New York, N. Y., at acost of 15 
cents each. Another standard ‘Proposed 
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Standard of Rating and Testing Air Con- 
ditioning Equipment,’’ mention of which 
was made in ELECTRICAL ENGINEERING for 
December 1935, page 1413, also has been 
approved. The latter standard also may be 
obtained from the American Society of Re- 
frigerating Engineers. It consists of 19 
81/2 by 11!/2 pages, and costs 20 cents per 


copy. 


W att Bicentennial 
to Be Celebrated 


The 200th anniversary of the birth of 
James Watt occurs on January 19, 1936. 
Under the initiating auspices of the mechani- 
cal engineering department of Lehigh Uni- 
versity, Bethlehem, Pa., a celebration of this 
anniversary is being planned for January 
19-21, 1936. Among those co-operating 
with Lehigh University are the Franklin 
Institute of Pennsylvania, the North Ameri- 
can branch of the Newcomen Society of 
England, and The American Society of 


Mechanical Engineers. Ceremonies will be 
held in Bethlehem and Philadelphia, Pa. 

According to the tentative program, the 
celebration will commence on Sunday, 
January 19, at the Franklin Institute, Phila- 
delphia, with special displays and demon- 
strations of models of the steam engines of 
Newcomen and Watt, and other appropriate 
exhibits; an international broadcast from 
the birthplace of Watt will be a feature of 
this portion of the program. 

The morning session, January 20, at Le- 
high University, Bethlehem, will take the 
form of a discussion on ‘““The College Gradu- 
ate in Industry,’ which will be held at the 
Packard Laboratory. Dean R. L. Sackett, 
Pennsylvania State College, will preside, and 
Dean R. H. Fernald, University of Pennsyl- 
vania, F. M. Feiker, executive secretary of 
American Engineering Council, and O. W. 
Eshbach (A’07, M’30), American Telephone 
and Telegraph Company, will be among the 
speakers on the program. 

Following a luncheon at the Old Sun Inn 
(1758) the program will be resumed at Pack- 
ard Laboratory, with a colloquium on James 
Watt, at which Dean A. M. Greene, Jr., 
Princeton University, will preside. Ad- 


R. Edwin Wilbur Rice, Jr., thirtieth 

« president and an Honorary Member 
of the American Institute of Electrical 
Engineers, died on November 25, 1935, 
at the age of 73. 

Coming in contact with Professor Elihu 
Thomson, a teacher in Central High 
School, Philadelphia, at the age of 14, 
he received, during the next 4 years, 
much inspiration and guidance in his 
favorite subjects, me- 
chanics and electric- 
ity, and at the age of 
18 became assistant 
to Professor Thomson 
who at that time ac- 
cepted a position in 
electrical manufac- 
turing with the 
American — Electric 
Company. 

He progressed 
rapidly in his chosen 
work, becoming 
plant superintendent 
of the Thomson- 
Houston Electric 
Company, successor 
to the American 
Electric Company, at 
the age of 99. With the consolidation 
of 2 companies in 1892 to form the 
General Electric Company, Mr. Rice 
became technical director of the latter. 
Later he served successively as vice 
president in charge of manufacturing 
and engineering, senior vice president, 
president, and honorary chairman of the 
board of directors. 

His contributions, both technical and 


In Memoriam 


EDWIN WILBUR RICE, JR. 


administrative, to electrical manufacturing, 
industrial research, invention, and educea- 
tion, and his rare personal qualities won 
him an outstanding reputation among 
engineers and industrial leaders. 

He received numerous high honors, 
including 4 honorary degrees: master 
of arts, doctor of engineering, and 2 of 
doctor of science. 

He joined the Institute in 1887, was 
transferred to the 
grade of Member in 
1888, and was trans- 
ferred to the grade 
of Fellow in 1913. 
He was president of 
the Institute 1917- 
18, and served at 
various times upon 
many of its commit- 
tees. The Edison 
Medal for 1931 was 
awarded to him, and 
he was elected an 
Honorary Member 
in 1933. 

RESOLVED: That 
the executive com- 
mittee of the Ameri- 
can Institute of Elec- 
trical Engineers, upon behalf of the mem- 
bership, hereby expresses deep regret at 
the death of Doctor Rice, and records its 
high appreciation of his many contribu- 
tions to Institute development and activi- 
ties, and be it further 

RESOLVED: That these resolutions be 
entered in the minutes and transmitted to 
members of his family. 


—A.1.E.E. Executive Committee, Dec. 11, 1935 
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’ Fireboat 
“John J. Harvey” 


New YORK CITY’S electric fireboat 
“John J. Harvey,’ shown during the cele- 
bration of the arrival of a new steamship 
in New York Harbor. The “John J. 
Harvey” is included on the very interesting 
list of inspection trips scheduled to be held 
in New York during the Institute’s winter 
convention, January 28-31, 1936. 


dresses will be delivered by G. A. Orrok, 
Dean Dexter S. Kimball, Cornell Uni- 
versity, and J. W. Roe. Opportunity also 
will be provided for the inspection of a dis- 
play of books, documents, and working 
models, relating to early engineering de- 
velopment. 

Following an informal dinner at the Hotel 
Bethlehem, an evening session will be held at 
Packard Auditorium, at which Dean C. C. 
Williams of Lehigh University will preside. 
Addresses will be delivered by W. L. Batt, 
president, A.S.M.E., and W, C. Dickerman, 
president, the American Locomotive Com- 
pany. 

On Tuesday, January 21, the ceremonies 
will be transferred to the Franklin Institute, 
Philadelphia. The afternoon will be de- 
voted to special displays and exhibits, and to 
a meeting conducted by the North American 
Branch of the Newcomen Society, at which 
L. F. Loree, president, Delaware and Hud- 
son Railway, Andrew Baxter, Jr., president, 
St. Andrews’ Society of the State of New 
York, Sir Gerald Campbell, British Consul 
General, New York, and Charles Penrose, 
vice president for North American Branch 
of the Newcomen Society, will speak. A 
formal dinner will be addressed by persons 
eminent in national engineering and scien- 
tific affairs. 

The Watt bicentennial committee con- 
sists of Fred V. Larkin, director, department 
of mechanical engineering, Lehigh Uni- 
versity; H. B. Allen, director, the Frank- 
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lin Institute; C. E. Davies, 
A.S.M.E.; and Charles Penrose. 

Members of the national societies of civil, 
mining and metallurgical, electrical, and 
mechanical engineers are invited to attend 
the various ceremonies. 


secretary, 


Student Committee of 
District No. 2 Meets 


The annual conference of counselors and 
Student Branch chairmen for the Institute’s 
Middle Eastern District (number 2) was 
held at State College, Pa., October 25 and 
26, 1935. The department of electrical 
engineering of Pennsylvania State College 
was the host with Prof. L. A. Doggett in 
charge of arrangements. The meeting 
was held early in the school year so that 
the newly elected Branch chairmen might 
benefit from the conference and thereby 
better carry on the work. The early date 
also favored travel by automobile, resulting 
in a registered attendance of 61. The 
following is a list of the counselors present 
and the institution which they represented: 
John T. Walther, University of Akron ‘ 
G. McC. Porter, Carnegie Institute of Technology 
A. C. Seletzky, Case School of Applied Science 
E. O. Lange, Drexei Institute 
A. G. Ennis, George Washington University 
J. H. Lampe, Johns Hopkins University 
F. W. Smith, Lafayette College 
J. L. Beaver, Lehigh University 
L. A. Doggett, Pennsylvania State College 
H. E. Dyche, University of Pittsburgh 


H. S. Bueche, Villanova College 
A. H. Forman, West Virginia University 


The following Branch chairmen were 
present: 
R. D. Heyburn, University of Akron 
P. H. Wyckoff, Carnegie Institute of Technology 
R. S. Walleigh, George Washington University 
W. E. Bittrick, Johns Hopkins University 
J. A. Doremus, Lafayette College 
H. C. Bickel, Lehigh University 
F. F. Fowler, Ohio Northern University 
R. O. Bell, Pennsylvania State College 
O. D. Montgomery, University of Pittsburgh 
J. J. McBrearty, Villanova College 
A. C. Fagerlund, West Virginia University 

The conference started with registration 
on Friday afternoon. At 7 o’clock a dinner 
meeting was held with W. E. Leonhard, 
Penn State ’36, as toastmaster. The prin- 
cipal speakers were W. H. Harrison, the 
vice president for District number 2 and 
A. O. Morse, assistant to the president of 
Pennsylvania State College. Mr. Morse 
welcomed the counselors and Students 
and gave an inspiring address advising 
the Students as to what they should get 
out of their college career. Mr. Harrison 
showed in a convincing manner why elec- 
trical engineering students should enroll in 
the Student Branches. He pointed out 
that the Branches were not intended to 
serve as feeders to the Institute, but that 
they provided the stt.dents a means whereby 
they gradually attained the status of active 
members in the Institute, without any 
abrupt adjustment on their part. Other 
speakers were Prof. C. L. Kensloe, head, 
department of electrical engineering, Penn- 
sylvania State College; Prof. A. H. For- 
man, West Virginia University; and R. O. 
Bell, Student Branch chairman at Pennsyl- 
vania State College. 

At a joint meeting of counselors and 
students on Saturday morning, interesting 


and instructive papers were presented on 
the subject, ‘“A Résumé of Recent Electrical 
Engineering Graduate Theses at My Institu- 
tion”’ by the following students: 

T. B. Jones, Johns Hopkins University 

J. J. McBrearty, Villanova College 

A. C. Fagerlund, West Virginia University 

J. R. Parker, Case School of Applied Science 

H. C. Bickel, Lehigh University 

C. M. Kearns, Pennsylvania State College 


This joint conference was adjourned fora 
short recess, after which the Students met 
and discussed their problems and ex- 
changed ideas on how to best operate their 
Branches. 

The counselors met at Professor Dog- 
gett’s home where each counselor present 
reported on the activities of his Branch. 
A nominating committee reported the 
name of Prof. E. O. Lange of Drexel Insti- 
tute, and on motion he was unanimously 
elected chairman, committee on student 
activities of District number 2 for the next 
year. 

At 12:30 the counselors and Students 
assembled for lunch. The program for the 
afternoon included an inspection tour 
through the electrical engineering labora- 
tories, after which many accepted an invita- 
tion to be guests at either the Penn State 
and Lafayette soccer game or the football 
game between the Penn State freshmen and 
Wyoming Seminary. 


50th Anniversary of First 
A-C System in America 


March 20, 1936, will mark the 50th anni- 
versary of the memorable March 20, 1886, 
when, at Great Barrington, Mass., William 
Stanley placed in successful operation his 
experimental alternating current electric 
power distributing system, thus demonstra- 
ting the commercial feasibility of the a-c 
system. 

As previously announced, the A.I.E.E. 
board of directors adopted a resolution on 
August 6, 1935, to the effect that the 
Institute sponsor a suitable national cele- 
bration of this 50th anniversary of the a-c 
system, and that a national committee be 
appointed by the president to initiate and 
carry out this proposal. The committee 
which now has been appointed is as follows: 
A. W. Berresford, chairman, New York, N. Y. 

H. H. Barnes, Jr., New York, N. Y. 
J. T. Barron, Newark, N. J. 

H. P. Charlesworth, New York, N. Y. 
C. C. Chesney, Pittsfield, Mass. 

F,. M. Farmer, New York, N. Y. 

W. J. Foster, Schenectady, N. Y. 

N. E. Funk, Philadelphia, Pa. 

H. B. Gear, Chicago, Ill. 

Sidney Hosmer, Boston, Mass. 

D. C. Jackson, Cambridge, Mass. 

S. M. Kintner, East Pittsburgh, Pa. 
V. M. Montsinger, Pittsfield, Mass. 
L. W. W. Morrow, New York, N. Y. 
Charles F. Scott, New Haven, Conn. 
F. W. Smith, New York, N. Y. 

C. E. Stephens, New York, N. Y. 

J. B. Whitehead, Baltimore, Md. 


Among plans which are now in prog- 
ress is one making possible the par- 
ticipation by all the Sections of the Insti- 
tute, through Section meetings to be held 
on or about March 20. A total of 31 
Institute Sections had, by December 23, 
1936, already signified their intention of 
holding celebration meetings for this event. 
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Activities now being carried on by the 
committee give assurance that the occa- 
sion will have national significance and in- 
terest. 


Lightning Reference 
Book Canvass Continued 


As the result of notices published in ELEc- 
TRICAL ENGINEERING (Aug., p. 907; Sept., 
p. 918, 1008) concerning the lightning and 
insulator subcommittee’s proposal to com- 
pile and publish a “Lightning Reference 
Book”’ embracing articles published in tech- 
nical periodicals during recent years, about 
200 inquiries have been received to date 
from members who have indicated a desire 
to purchase the book if and when issued. 
However, the price ($5) previously an- 
nounced by the subcommittee was based 
upon a larger edition. Consequently, the 
subcommittee is now making a subscription 
drive. 

Whether or not the contemplated book 
will be published is now scheduled to be de- 
cided by the subcommittee subsequent to 
Feb. 1, 1936, the date now set by it for final 
returns from the canvass now under way. 
Inasmuch as the publication of the book 
would involve considerable expense, and as 
the subcommittee plans to operate on a no- 
profit basis, sufficient interest and adequate 
financial support (as indicated by advance 
orders received by Feb. 1) must be pledged 
in advance. 

Further information on this subject will 
be published in these columns when it be- 
comes available. 


Executive Committee of 
Southern District Meets 


A meeting of the executive committee of 
the Institute’s Southern District (number 4) 
was held at Atlanta, Ga., on November 2, 
1935, with the following present: 


R. Cooper Bailey, Richmond, Va. 

W. Hand Browne, Jr., Raleigh, N. C. 
S. C. Commander, Memphis, Tenn. 
M. Eldredge, Memphis, Tenn. 

R. F. Crenshaw, Memphis, Tenn. 

F. E. Johnson, New Orleans, La. 
Sam R. Rhodes, Clemson College, S. C. 
J. G. Tarboux, Knoxville, Tenn. 
Chase Hutchinson, Knoxville, Tenn. 
J. H. Perkins, Birmingham, Ala. 

E. F. Smith, Gainesville, Fla. 

Geo. M. Miller, Louisville, Ky. 

J. H. Persons, Atlanta, Ga. 

F. M. Craft, Atlanta, Ga. 

S. A. Flemister, Atlanta, Ga. 


+ The first subject discussed was the 
selection of a co-ordinating committee, 
according to section 33 of the by-laws. 
Since there is such a small number of Sec- 
tions in the Southern District, it was sug- 
gested that the executive committee act 
as a co-ordinating committee, and a motion 
to that effect was made and approved. 

The questions of holding a Student con- 
ference and of holding a District meeting 
during 1936 were discussed. It was tenta- 
tively planned to hold a joint District meet- 
ing and Student Branch conference in the 
late fall of 1936. 
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The next subject considered was the 
selection of a delegate to serve as a member 
of the national nominating committee, 
RF. M. Craft being chosen for this position. 

Methods of increasing membership in the 
Institute were next considered. The ad- 
vantage was pointed out of planning the 
activities of the Section, including speakers 
and entertainment, well in advance, in 
order that prospective members might 
obtain a clearer idea of the facilities being 
provided by membership. Plans of other 
Sections in obtaining members and in 
having individuals transfer from local 
membership to national membership were 
given. The necessity of using quality 
rather than quantity as a guide in seeking 
new members if the Institute is to retain 
its high position, was stressed. It was also 
pointed out that most members in the 
Southern District are more interested in 
operating problems and applications of 
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electrical machinery, than in the more fre- 
quently considered subjects of design, re- 
search, and theoretical problems, often 
involving intricate mathematics. 

Consideration was given to the matter of a 
new Section in Knoxville and East Ten- 
nesse, and Prof. J. G. Tarboux and Chase 
Hutchinson were requested to continue the 
work of organization. 

The last subject discussed was the co- 
ordinating of the time of Section meetings 
so as to take advantage of the opportunities 
to hear engineers from the large manu- 
facturers and from headquarters, or others 
who might be available. Methods of 
co-ordinating through the District secre- 
tary were worked out. 

Following adjournment, the delegates 
became guests of the Atlanta Section at 
luncheon, after which many attended the 
football game between Vanderbilt Univer- 
sity and Georgia Institute of Technology. 


Guide for Student Selection 


If a boy is proficient in mathematics in 
high or preparatory school is he likely to 
make a success of an engineering course in 
college? Suppose he is good in spelling, 
or has a good vocabulary, or can write a 
good letter or report, do those accomplish- 
ments have any bearing on the question of 
whether or not he should take up engineer- 
ing? These are some of the things that the 
committee on student selection and guid- 
ance, of the Engineers’ Council for Pro- 
fessional Development, is working out. 

Preliminary results indicate that the 
answer to the first question is ‘‘yes,’’ which 
isnot entirely surprising. A year ago 8 well- 
known engineering schools, at the com- 
mittee’s request, gave to their incoming 
freshmen the co-operative test in mathe- 
matics as developed by the American Coun- 
cil on Education. At the end of the year 
the rating of each student in this test was 
compared with his general scholastic aver- 
age for the year, and a so-called correlation 
determined. If this coefficient were as 
high as 1 it would mean that the test was a 
perfect indication of what the student 
would accomplish during the year; if the 
coefficient were 0 it would mean that the 
test had no bearing whatever on what he 
would do in his first year at an engineering 
college. The general average for 1,767 stu- 
dents turned out to be 0.55, indicating that 
the mathematics test was an excellent indica- 
tion of freshman accomplishments. Other 
tests have shown that the correlation be- 
tween the first year and the other 3 years 
of a 4 year course is high. If a freshman 
fails in but 1 subject he has a good chance 
to graduate in the regulation 4 years, but if 
he has more than 1 failure his chance is slim 
without summer school, tutoring, or corre- 
spondence courses. 

Entering freshmen at the same 8 engi- 
neering colleges also were given a special 
test in English, which was in 3 parts cover- 
ing spelling, vocabulary, and usage. The 
resulting correlation between the English 
test score and the first year average for all 
subjects in the engineering curriculum 


was about 0.40, or lower than for the mathe- 
matics test, but still indicative that a 
student proficient in the various branches 
of English is adaptable to engineering work. 
A less comprehensive study at one engi- 
neering college alone, showed that usage 
ranked far above vocabulary and spelling 
as an indicator of engineering aptitude. 
That is, one may be poor in spelling and 
still be likely to succeed as an engineering 
student, but ability in the use of English 
is about as necessary as to be proficient 
in mathematics. In other words, an engi- 
neer must be able to organize and express 
his thoughts in clear, concise English. 

The committee directed similar work at a 
larger number of engineering schools in 
September of this year, and the correla- 
tions begun last year will be continued 
throughout the entire engineering course. 
Other tests of engineering aptitude also 
are being developed. It has been found 
that ability in descriptive geometry is an 
especially good criterion of the probable 
success of a student in engineering curricula, 
and it is hoped that a test can be devised for 
potential engineering students that will 
measure the same quality of imagination 
that descriptive geometry does. At pres- 
ent, there is no thought that these tests 
will be used to exclude students from 
engineering schools, but the committee is 
seeking tests that will aid in selecting better 
students and in assuring them that they 
have interests and aptitudes that are likely 
to assure their success in the engineering 
field. Dean R. L. Sackett, of the school of 
engineering at the Pennsylvania State 
College, as chairman of the committee, 
is directing the work. 

Another important phase of the com- 
mittee’s activities is the organization of 
guidance programs and procedures for the 
aid of preparatory school students. Many 
of the local branches of the national en- 
gineering societies that are sponsoring the 
Engineers’ Council for Professional De- 
velopment have appointed committees to 
address high school groups and to confer 
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with individual students about interests, 
aptitudes, curricula, and fields of work. 
Professional engineers are especially active 
in this work in Milwaukee, Birmingham, 
_ Schenectady, Cleveland, Detroit, Atlanta, 
Kansas City, Sacramento, Baltimore, St. 
Louis, Providence, Philadelphia, and Wash- 
ington. These engineers supplement the 
work of the vocational advisers at many 
‘schools. Wide distribution of a pamphlet 
“Engineering: A Career—A Culture’ has 
been a valuable aid. This may be ob- 
tained for 15 cents from Engineers’ Council 
for Professional Development, 29 West 
89th Street, New York, N. Y. 

Though only 1 of the 4 major activities 
of the Engineers’ Council for Professional 
Development, student selection and guid- 
ance is fundamentally of great importance 
for it seeks to awaken an interest in 
engineering in those young men—and an oc- 
asional girl as well—that are likely to 
achieve the highest success in the engineer- 
ing field. If only the right men are en- 
couraged to enter engineering schools a 
long step will have been taken toward 
increasing the recognition accorded to the 
profession. 


aunewicur 


emesince rinse Council 


Second Report of the 
Science Advisory Board 


As part of its ‘“‘news letter’ of December 
15, 1935, American Engineering Council 
offers the following comments on the recent 
report of the Science Advisory Board cover- 
ing the period of September 1, 1934, to 
August 31, 19385. 

The second report of the Science Ad- 
visory Board, established by executive 
order of President Roosevelt in July 1933, 
under the National Research Council 
created by Congress at the request of 
President Wilson in 1918, has just been 
published. Like the National Resources 
Committee, it addresses itself to certain 
problems of national development in 
which the engineer and scientist have a part. 

The Science Advisory Board has no 
authority for action. It may only recom- 
mend. Both reports attempt to give broad 
direction to national policies—the one em- 
phasizing the values of a pianned approach 
to national development, the second con- 
cerning itself with the relating of govern- 
ment to effective research and what may 
be called the ‘“‘tools’’ of planning. 

The general report of the Science Ad- 
visory Board covers such subjects as the 
national dependence on science, the need for 
a science advisory service to government, 
and the future development of a science 
advisory service. It recommends, first, 
that a body be set up under the National 
Academy of Sciences, to succeed the 
present reporting board, and second, that 
the responsible government officers and 
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this new board continue to seek the solution 
of the problems which have been reported 
upon, 

The second part of the report deals with 
the reorganization and reconsideration of 
certain of the scientific branches of the 
government, including the weather bureau, 


the bureau of chemistry and soils, the sur- 
veying and mapping services of the federa 
government, the relation of patents to new 
industries, and a dozen other reports of 
inquiries into the purposes and the ef- 
ficiency of present government wunder- 
takings. 


liotiors to the Ediza. 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers, articles published in previous issues, or other 
subjects of some general interest and professional im- 
portance. ELECTRICAL ENGINEERING will endeavor 
to publish as many letters as possible, but of 
necessity reserves the right to publish them in 
whole or in part, or to reject them entirely. 

ALL letters submitted for consideration should be 
the original typewritten copy, double spaced. Any 
illustrations submitted should be in duplicate, 
one copy to be an inked drawing but without 
lettering, and other to be lettered. Captions 
should be furnished for all illustrations. 
STATEMENTS in these ietters are expressly under- 
stood to be made by the writers; publication here 
in no wise constitutes endorsement or recognition 
by the American Institute of Electrical Engineers. 


Neutralizing Transformers 
for Pilot Wire Protection 


To the Editor: 


The writer has read with special interest, 
the paper on “Pilot Relay Protection,” 
by E. E. George and W. R. Brownlee 
in the November 1935 issue of ELECTRICAL 
ENGINEERING, pages 1262-9. He has been 
in communication with the authors and 
pointed out to them that theirs is not the 
first application of neutralizing transformers 
to pilot wire protection, submitting the 
following references: 


The discussion at A.I.E.E. midwinter convention at 
New York, N. Y., February 9, 1926, on Chester 
Lichtenberg’s ‘‘Supervisory Systems for Electric 
Power Apparatus,’’ by H. C. DonCarlos, in the July 
1926, issue of the JourNnaL of the A.J.E.E., pages 
671-2, under the heading, ‘‘Among the numerous 
remedies considered may be mentioned:’’ ‘wherein 
plan C, of whick the writer was credited with pro- 
posing, was exactly similar in circuit arrangement, 
to the neutralizing transformer protective system 
described by the above-mentioned authors. 


The discussion at Niagara Falls, IN. Y., May 25, 
1926, of F. V. Smith’s paper on ‘‘Automatic and 
Supervisory Control of Hydro Electric Stations,”’ 
by C. F. Publow, in the October 1926, issue of the 
JouRNAL of the A.I.E.E., pages 1030-3, in the next 
to the last paragraph on page 1031 and on the next 
to the last paragraph on page 1032, wherein mention 
is made of these transformers previously referred to 
by Mr. DonCarlos. 

The writer’s United States Patent number 1,773,238 
issued August 19, 1930, and Canadian Patent 
number 326,309 issued September 27, 1932. 


The neutralizing transformer proposal 
discussed by DonCarlos and Publow 
was completed on July 1, 1926, under the 
writer’s supervision, and from the stand- 
point of protection, the operation of the 
system has been satisfactory. 

The design of neutralizing transformer 
disclosed in the patent, secures the closest 
possible coupling of primary and secondary 
windings and balance of all conductors or 


pairs in the secondary windings, relative to 
each other, the primary winding and to 
ground, as perfect as the inherent balance 
in the cable itself, so that the cable may be 
used for telephonic communication with- 
out mutual or extraneous interference. 

E. E. George, in behalf of himself and co- 
workers, has very graciously acknowledged 
their error. 


Very truly yours, 
R. W. OsBorne (A’18, M’31) 


President, Osborne Electric Co., 
Ltd., Toronto, Canada. 


President, Osborne Electric 
Corporation, Niagara Falls, N. Y, 


To the Editor: 

Since preparing the paper on ‘‘Pilot 
Wire Protection’’ published in November 
issue of ELECTRICAL ENGINEERING, R. W. 
Osborne has called attention to his usé of 
neutralizing transformers for protection 
of metering circuits in Canada nearly 10 


years ago. While our application was 
developed independently, and was re- 
garded as original by manufacturing, 


communication, and power companies, it 
seems that credit should go to Canada for 
the first use and public mention of neutraliz- 
ing transformers in the power field. 

We were too much interested in the 
merits of our discovery to note that another 
explorer had preceded us by 10 years. 


Very truly yours, 


E. E. Grorce (A’20, M’29) 


Supt. of Electrical Operation, 
Tennessee Electric Power Co., 
Chattanooga 


Capacitor Motor 
With Double Cage Rotor 


To the Editor: 


The ‘Letter to the Editor” by Edward 
Bretch in the December 1935 issue of 
ELECTRICAL ENGINEERING, page 1422, im- 
plies that on the whole a double cage rotor 
in a capacitor type stator will not operate 
satisfactorily. While we have conducted 
no tests as yet, the following seems self- 
evident: 

At any speed, the co-operation of the 2 
stator windings with the rotor winding 
results in an elliptical field in the air gap. 
This elliptical field is equivalent to 2 un- 
equal revolving fields turning in opposite 
directions. The rotor turns with the 
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stronger of these fields. As each of these 
fields produces similar effects to those in a 
polyphase motor, there is no difference in 
the reaction of the double cage rotor to 
them, except that its constants X2 and f 
each have different values in the 2 direc- 
tions. Of course, just as in a polyphase 
motor, it probably will be necessary to 
maintain a certain relation between the 2 
cage resistances and the leakage reactance 
of the inner cage in order to minimize or 
avoid the ‘dips’ in the speed-torque 
curve. 

The double cage machine does have a 
higher magnetic leakage (which does not 
manifest itself at starting and lower speeds) 
which tends to lower the power factor at 
rated speed, and to call for more flux per 
pole. But as the capacitance required for 


starting with given torque is not increased 
and may even be reduced, no additional 
microfarads need be purchased, though 
possibly a larger number may be necessary 
for the running condition. The lower 
rotor resistance loss of the double cage at 
rated speed will frequently make up for the 
increased iron loss which is due to the 
larger flux. The repulsion starting ca- 
pacitor motor should be a high grade 
machine. However, it too has more leak- 
age reactance and also a higher rotor re- 
sistance, more complication, and a higher 
cost, with probably more things to go 
wrong. 
Yours very truly, 
A. F. PucusteEIn (A’20, M’27) 


Robbins & Myers, Inc., 
Springfield, Ohio 


Peeccomeal liems 


L. B. Srrttwe rt (A’92, F’12, member for 
life, and past-president) consulting engineer, 
Princeton, N. J., has been awarded the 
A.I.E.E. Edison Medal for 1935 “‘for dis- 
tinguished engineering achievements and 
his pioneer work in the generation, distri- 
bution, and utilization of electric energy.” 
The medal, which was founded by friends 
and associates of the late Thomas A. Edison 
(A’84, M’84, HM’28) and is awarded an- 
nually for “meritorious achievement in 
electrical science, electrical engineering, or 
the electrical arts,’’ will be presented to 
Doctor Stillwell during the A.I.E.E. winter 
convention at New York, N. Y., January 
28-31, 1936. Doctor Stillwell was born at 
Scranton, Pa., March 12, 1863, and received 
the degrees of electrical engineer, master of 
science, and doctor of science from Lehigh 
University in 1885, 1907, and 1914, re- 
spectively, receiving also the degree of 
doctor of science from Wesleyan University 
in 1907. He entered the employ of the West- 
inghouse Electric and Manufacturing Com- 
pany as assistant electrician in 1886, and in 
1891 became chief electrical engineer, hold- 
ing this position until 1897 when he was ap- 
pointed electrical director of the Niagara 
Falls Power Company. Doctor Stillwell 
was active in the development of a-c systems 
at this time, and originated many important 
inventions. In 1900 he established a con- 
sulting engineering practice at New York, 
and has been engaged in the engineering 
work undertaken by a number of companies, 
including the Hudson and Manhattan Rail- 
road; Erie Railroad; Interborough Rapid 
Transit Company; New York, New Haven 
and Hartford Railway Company; New York, 
Westchester, and Boston Railway Com- 
pany; New York State Bridge and Tun- 
nel Commission and the New Jersey Inter- 
state Bridge and Tunnel Commission (in 
connection with the Holland Vehicular Tun- 
nel), and, since 1927, the Port of New York 
Authority. At the time of the World War, 
he was a member of the National Research 
Council. In 1920 he was elected a trustee of 
Princeton University for life, and during the 
period 1921—23 was a member of the board of 
directors of the Chamber of Commerce of 


122 


the United States. The president of the 
Niagara Falls Power Company awarded the 
Niagara medal to Doctor Stillwell in 1899, 
and the American Society of Civil Engineers 
conferred a medal upon him in 1929 “for 
leadership as chairman of Engineering 
Foundation in consolidating the research 
work of the Foundation and the founder 
societies.’’ He received the Lamme medal 
of the Institute in 1933 ‘‘for his distinguished 
career in connection with the design, in- 
stallation, and operation of electrical ma- 
chinery and equipment.’”’ Doctor Stillwell 
was a director of the Institute 1896-99, a 
vice president 1899-1901, and president 
1909-10, and has been a member of the 
board of examiners, executive committee, 
and the committees on public policy (now 
Institute policy), code of principles of pro- 
fessional conduct, Edison medal, and stand- 
ards. He has also served as Institute repre- 
sentative on the John Fritz medal board of 
award, the co-ordination committee of the 
engineering societies, the assembly of the 
American Engineering Council, and the 
Engineering Foundation board, of which he 
was chairman 1924-28. He is the author of 
several technical papers presented before the 
Institute. Doctor Stillwell is also a member 
of the American Institute of Consulting Engi- 
neers, of which he was president 1918-19, 
American Society of Civil Engineers, Insti- 
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tution of Electrical Engineers (Great Brit- 
ain), National Academy of Sciences, Royal 
Society of Arts (Great Britain), American 
Philosophical Society, and Franklin Insti- 
tute. 


G. A. CampBeLti (A’03, F’13) research 
engineer, Bell Telephone Laboratories, 
Inc., New York, N. Y., has retired from 
active membership on the staff of the labora- 
tories. Doctor Campbell was born at 
Hastings, Minn., and studied at Massa- 
chusetts Institute of Technology and Har- 
vard University, receiving the degree of 
bachelor of science from the former and the 
degrees of bachelor of arts and master of 
arts from the latter in 1891, 1892, and 1893, 
respectively. He continued the study of 
mathematics and physics in Europe during 
the next 4 years, and in 1897 engaged in re- 
search problems in telephony with the 
American Telephone and Telegraph Com- 
pany at New York. Doctor Campbell, 
independently of the late M. I. Pupin 
(A’90, F’15, HM’28, and past-president) 
also developed a theory of loading long lines 
by means of inductance in order to decrease 
attenuation, and while the patents on the 
coils were issued to Pupin, because of pri- 
ority, the rules formulated by Campbell 
for the design and spacing of the coils were 
used from the beginning in the United 
States. Other problems with which Doctor 
Campbell was concerned include crosstalk, 
filters, and circuit stability, and he is cred- 
ited with originating the articulation test 
used in telephone development work. 
Recently he was transferred to the Bell 
Telephone Laboratories, Inc. Several tech- 
nical papers have been written by him. 
Commenting on his retirement, Dr. F. B. 
Jewett (A’03, F’12, and past-president) 
stated that Doctor Campbell’s achievements 
in telephone transmission “entitle him 
beyond question to rank first among his 
generation of theoretical workers in electri- 
cal communication.”’ 


R. C. Purnam (A’26, M’34) who has 
been assistant professor of electrical engi- 
neering at Case School of Applied Science, 
Cleveland, Ohio, since 1928, recently was 
made associate professor. Professor Put- 
nam holds the degrees of bachelor of arts 
from Butler College, bachelor of science in 
electrical engineering and electrical engineer 
from the University of Colorado, and master 
of science from Case School of Applied 
Science. He was a test engineer with the 
General Electric Company at Schenectady, 
N. Y., for one year before coming to Case 
School of Applied Science as an instructor 
in 1925. During 1933-34 he was chairman 
of the Cleveland Section of the Institute, 
and he is also a member of the Society for 
the Promotion of Engineering Education 
and the Illuminating Engineering Society. 


AUGUSTIN Fricon (A’20) director of 
technical education for the province of 
Quebec and dean, Ecole Polytechnique, 
Montreal, Can., is one of 3 engineers named 
by the provincial government of Quebec 
to make up the recently authorized Quebec 
Electricity Commission. The commission 
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is empowered to hold inquiries into all 
matters pertaining to the supply of elec- 
tricity in the province. Mr. Frigon, who 
was born at Montreal March 6, 1888, is 
-a graduate of Ecole Polytechnique, having 
received the degrees of bachelor of science, 
civil engineer, and electrical engineer. 
From 1910 to 1917 he was in charge of the 
electrical engineering laboratories of Ecole 
Polytechnique, and then was given charge 
of the electrical engineering department. 
Among other work in which he was engaged 
during this time was that of electrical engi- 
neer for the Quebec Public Utilities Com- 
mission from 1911 to 1914. During 1920 
to 1922 he was in Paris, France, as com- 
missariat general du Canada, and since his 
return to Montreal has been dean of the 
school. 


H. W. FisHer (A’95, F’12, and member 
for life) former technical director of the 
Standard Underground Cable Company 
and consulting electrical engineer of the 
General Cable Corporation, retired, and 
now resident at 549 Seventh Street South, 
St. Petersburg, Florida, has been invited 
to give talks on electric cables at the Uni- 
versity of Florida and at Georgia School of 
Technology. Prior to his retirement in 
1930, Mr. Fisher had been intimately as- 
sociated for some 40 years with the design, 
manufacture, and application of electric 
eables and active in research and experi- 
mental work contributing essentially to 
their development. He was a member of 
the Institute’s committees on standards 
1914-22, and transmission and distribution 
1915-19, and was representative on the 
U.S. national committee of the Inter- 
national Electrotechnical Commission 1919- 
26. 


A. E. KENNELLY (A’88, F’13, HM ’33, 
Life Member, and past-president) professor 
emeritus of electrical engineering, Harvard 
University and Massachusetts Institute of 
Technology, Cambridge, has been awarded 
the Mascart medal for 19386. The medal, 
established in honor of one of the founders 
of the Société Francais des Electriciens, is 
awarded triennially by the society to a 
scientist or engineer who is distinguished by 
a group of works on pure or applied elec- 
tricity. The first award was made in 1924. 
Doctor Kennelly is well known for his work 
on electrical and magnetic magnitudes and 
units, and a paper by him on the new system 
adopted by the International Electrotech- 
nical Commission was published in the 
December 1935 issue of ELECTRICAL ENGI- 
NEERING. He has long been active in In- 
stitute affairs. A brief biographical sketch 
of Doctor Kennelly, indicating the scope 
and variety of his professional career, 
appeared in the July 1935 issue in connection 
with his election to honorary presidency 
of the U.S. National Committee of the 
International Electrotechnical Commission. 


E. W. GReEENFIELD (A’34) who recently 
received a doctorate degree for paper cable 
research at The Johns Hopkins University, 
is now dielectric research engineer for the 
Anaconda Wire and Cable Company at 
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Hastings-on-Hudson, N. Y. He is the 
author of several technical papers on di- 
electrics, one of which he was a co-author 
being presented to the Institute. Doctor 
Greenfield is also a member of the American 
Physical Society and Society of Sigma Xi, 
and is a member of the committee on elec- 
trical insulation of the National Research 
Council. 


WittrAmM McCLeLian (A’07, F’12, and 
past-president) president of the Potomac 
Electric Power Company, Washington, 
D. C., has been made president of the Wash- 
ington Railway and Electric Company. 
Doctor McClellan in the past has been con- 
nected with a number of engineering firms, 
and in 1929 was elected vice president of 
Stone and Webster Engineering Corpora- 
tion. He has served on many of the Insti- 
tute’s committees, now being representa- 
tive on the American Engineering Council 
assembly, and was Institute manager 1912-— 
15, vice president 1915-17, and president 
1921-22. 


F. P. Quictey (M’33) former engineer 
with the Federal Power Commission, has 
been made regional liason officer in the pro- 
curement division of the U.S. Treasury 
Department, and has his headquarters at 
Denver, Colo. Mr. Quigley, who was en- 
gaged in making appraisal studies for the 
commission, is now concerned with the co- 
ordination of all Federal agencies operating 
in the states of Colorado, Wyoming, and 
Montana under funds provided by recent 
legislation. He is also a member of the 
American Society of Naval Engineers. 


W. E. WIcCKENDEN (A’07, M’18) presi- 
dent, Case School of Applied Science, Cleve- 
land, Ohio, has been appointed a member of 
the organization committee for the Great 
Lakes Exposition, which is to be held at 
Cleveland during the summer of 1936. 
Doctor Wickenden recently received the 
Lamme Medal of the Society for the Promo- 
tion of Engineering Education, in connection 
with which a biographical sketch was pub- 
lished in ELECTRICAL ENGINEERING for 
September 1935, page 1019. 


J. B. Fisxen (A’03, F’13, member for 
life, and past vice president) consulting 
engineer, The Washington Water Power 
Company, Spokane, has been appointed 
chairman of the general committee of the 
engineering and operation section of the 
Northwest Electric Light and Power As- 


sociation. Mr. Fisken, who has served on 
several Institute committees, was a manager 
of the Institute 1916-19 and vice president 
1919-20. 


H. B. Dates (A’98, F’32, and member for 
life) professor and head of the department of 
electrical engineering, Case School of Ap- 
plied Science, Cleveland, Ohio, has been 
elected secretary-treasurer of the U.S. 
National Committee of the International 
Commission on Illumination, and was also 
appointed director of the secretariat on 
lighting practice. He is a member of the 
Institute’s committee on the production 
and application of light. 


Ericu HAusMANN (A’06, F’18) professor 
of physics and electrical communication, 
and dean of graduate study, Polytechnic 
Institute of Brooklyn, N. Y., has been 
elected chairman of the New York State 
Board of Examiners for Professional Engi- 
neers for the ensuing year. Dean Haus- 
mann was a member of the Institute’s board 
of examiners 1920-30, and was a member 
of the committee on communication 1927— 
31. 


T. F. McMains (A’34) former chief oper- 
ator at Wichita Falls, Texas, for the Western 
Union Telegraph Company, has been made 
engineering assistant in the office of the 
vice. president in charge of the traffic de- 
partment at New York, N. Y., where he 
will specialize in general traffic supervision. 
Mr. McMains has held various positions 
with the company in Oklahoma and Texas 
since he was graduated from the University 
of Illinois in 1927. 


JosepH Sacus (A’92, F’12, and member 
for life) chief engineer, electrical division, 
Colt’s Patent Fire Arms Manufacturing 
Company, Hartford, Conn., recently was 
made chairman of the fuse section of the 
National Electrical Manufacturers Associa- 
tion. Mr. Sachs served on the safety codes 
committee of the Institute 1924-27, and on 
the instruments and measurements com- 
mittee 1924-25. 


C. S. THorRN (M’34) who has been chief 
engineer of the Birmingham (Ala.) Electric 
Company, recently was elected vice presi- 
dent in charge of operation. Mr. Thorn 
came to the company in 1927 as supervisory 
engineer, and 2 years later was appointed 
chief engineer, operating the electric dis- 
tribution system, street railway system, 
and steam heating system in Birmingham. 


M. T. Crawrorp (A’07, F’22) assistant 
chief engineer, Puget Sound Power and 
Light Company, Seattle, Wash., has been 
appointed chairman of the transmission and 
distribution committee of the Northwest 
Electric Light and Power Association. A 
biographical sketch of Mr. Crawford was 
given in ELECTRICAL ENGINEERING for 
December 1935, page 1423. 


A. D. Lunpy (A’03, F’20, and member for 
life) secretary and treasurer, Sargent and 
Lundy, Inc., Chicago, Ill., has retired. Mr. 
Lundy, who received degrees from Princeton 
University and Cornell University. has been 
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a member of the firm since 1891, having pre- 
viously been with the Sprague Electric 
Railway and Motor Company and the 
Sprague Electrical Equipment Company. 


J. F. Lincoin (A’08, M’20, and past man- 
ager) president, The Lincoln Electric Com- 
pany, Cleveland, Ohio, has been appointed 
a member of the organization committee for 
the Great Lakes Exposition, which is to be 
held at Cleveland during the summer of 
1936. Mr. Lincoln was a manager of the 
Institute 1920-24. 


MIGUEL WIEWALL, Jr. (A’29) instructor 
in electrical engineering at the University 
of Puerto Rico, Mayaguez, is taking gradu- 
ate courses at Harvard University, Cam- 
bridge, during a sabbatical leave. He was 
counselor of the Student Branch at the 
University of Puerto Rico during the year 
1934-35. 


S. J. Levine (A’32) former student engi- 
neer with the General Electric Company 
at Schenectady, N. Y., is now at Bloomfield, 
N. J., as designing engineer. Mr. Levine, 
who was a member of the executive com- 
mittee of the Schenectady Section, recently 
presented a paper on analysis of the induc- 
tion motor to the Institute. 


C. G. Warxins-Batt (A’35) who has 
been in the motor engineering department 
of Metropolitan-Vickers Electrical Com- 
pany, Ltd., Manchester, England, is now 
with Metropolitan-Vickers Electrical Ex- 
port Company, Ltd., at Johannesburg, 
South Africa. 


W. S. G. Duin (A’22) who has been 
general plant manager at Charleston for 
the Chesapeake and Potomac Telephone 
Company of West Virginia, is now plant 
supervisor at Washington, D. C., for the 
Chesapeake and Potomac Telephone Com- 
pany. 


Joun West (A’10, M’28) president, Fall 
River (Mass.) Electric Light Company, has 
been designated a regional executive of the 
New England Power Association, a posi- 
tion which has managerial functions over 
groups of operating companies. 


RANDOLPH EIDE (A’23, M’32) president, 
The Ohio Bell Telephone Company, Cleve- 
land, has been appointed a member of the 
organization committee for the Great Lakes 
Exposition which is to be held at Cleveland 
during the summer of 1936. 


Otro BRUNE (A’31) former instructor at 
Massachusetts Institute of Technology, 
Cambridge, has become connected with the 
South African General Electric Company, 
Ltd., as electrical engineer, and is at Johan- 
nesburg, Union of South Africa. 


A. G. L. McNaucuron (A’11) major gen- 
eral, C.B., C.M.G., D.S.O., who has been 
chief of general staff, Department of Na- 
tional Defense, Ottawa, Ont., Can., has 
been made president of the National Re- 
search Council of Canada at Ottawa. 


E. W. PALMRosE (A’32) former draftsman 
for Southern Pacific Golden Gate Ferries, 
Ltd., San Francisco, Calif., is now an oper- 
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ator in the department of operation and 
maintenance of the Panama Canal at Gatun, 


CR 


W. A. Manrietp (A’32) former works 
manager of the Conduits Company, Ltd., 
Toronto, Ont., Can., which recently was 
merged with Conduits National Limited, 
has organized a new company, Conduits 
and Electric Raceways Limited, at Toronto. 


J. D. McMynn (A’35) formerly employed 
by the West Kootenay Power and Light 
Company at Trail, B. C., Can., has entered 
the student test course of the Canadian 
General Electric Company at Peterboro, 
Ont. 


C. J. BREITWIESER (A’33) formerly tech- 
nical director, United Sound Productions 
Company, Los Angeles, Calif., is now engi- 
neer in charge of production and develop- 
ment, Conducto-Therm Corporation, Los 
Angeles. 


C. M. Hurcuins (A’35) who has been 
a student engineer at Schenectady, N. Y., 
for the General Electric Company, is now 
a student patent attorney in the com- 
pany’s patent department at Washington, 
DCs 


H. A. Moencu (A’31) is doing graduate 
work in the department of electrical engi- 
neering at the University of Michigan, 
Ann Arbor, during a leave of absence from 
his position as instructor at Rose Poly- 
technic Institute, Terre Haute, Ind. 


F. R. Pures (M’27) president of the 
Philadelphia Company and the Pittsburgh 
Railways Company, Pittsburgh, Pa., re- 
cently was elected to the board of directors 
of the Byllesby Engineering and Manage- 
ment Corporation. 


W. T. Gray, Jr. (A’29) who recently re- 
ceived the degree of doctor of philosophy 
in physics at Northwestern University, is 
now employed as physicist by the Corning 
(N. Y.) Glass Works. 


J. G. Jackson (A’08) director of engineer- 
ing, Square D Company, Detroit, Mich., 
recently was made chairman of the small 
air circuit breaker section of the National 
Electrical Manufacturers Association. 


W.N. Crarxk (A’05) president, Southern 
Colorado Power Company, Pueblo, recently 
was elected to the board of directors of the 
Byllesby Engineering and Management 
Corporation. 


Eric Lewis (A’30) who has been a repre- 
sentative for the English Electric Company, 
Ltd., at Tokyo, Japan, is now with the 
Jardine Engineering Corporation, Ltd., at 
Shanghai, China. 


M. A. Sorteri (A’30) former cable tester 
at New York, N. Y., for the American Tele- 
phone and Telegraph Company, has been 
transferred to Buffalo as a technical em- 
ployee. 


E. H. ScHOENFELD (A’35) who has been 
receiving engineer for RCA Communica- 
tions, Inc., at Point Reyes station, Calif., 
is now with Heintz and Kaufman, Ltd., San 
Bruno, Calif., as engineer. 


R. J. WEESNER (A’35) former wireman 
with the American Sheet and Tin Plate 


Company at Gary, Ind., is now engaged in 
electrical testing by the Reliance Electric 
and Engineering Company, Cleveland, Ohio. 


F. O. Ursan (A’31) formerly in the air 
conditioning department of the General 
Electric Company at Schenectady, N. Y., 
is now in the commercial engineering divi- 
sion of the department at Bloomfield, N. J. 


R. F. Pack (A’l1l, M’12) president, 
Northern States Power Company, Minne- 
apolis, Minn., recently was elected to the 
board of directors of the Byllesby Engineer- 
ing and Management Corporation. 


THOMAS FITZGERALD (A’02) vice president 
and general manager, Pittsburgh (Pa.) 
Railways Company, recently was made 
chairman of the new safety committee of 
the American Transit Association. 


F. E. SNeEtt (A’23) superintendent of 
power, Cleveland (Ohio) Railway Company, 
has been appointed a member of the new 
safety committee of the American Transit 
Association. 


R. G. Macy (A’23, M’25) special adviser 
to the Federal government on utility ques- 
tions, has been appointed chief engineer of 
the State Board of Public Utility Commis- 
sioners of New Jersey. 


O. H. Catpwe tt (A’13, M’22) editor and 
treasurer of Radio Today, New York, N. Y., 
has been re-elected a trustee of the New 
York Museum of Science and Industry. 


J. M. Kopprer III (A’34) is now em- 
ployed in the research laboratory of the 
National Advisory Committee for Aero- 
nautics at Langley Field, Va. 


W. W. KISSINGER (A’35) is now assistant 
draftsman for the soil conservation service 
of the U.S. Department of Agriculture, 
Washington, D. C. 


W. J. Berry (A’31) manager of The 


Western Telephone Corporation who has 


been at Watonga, Okla., is now at King- 
fisher, Okla. 


W. H. Manrievp (A’27) division plant 
engineer, Southern Bell Telephone and 
Telegraph Company, who has been at 
Louisville, Ky., is now at Jackson, Miss. 


L. M. Sorenson (A’34) engineer formerly 
with Blocksom and Company, Michigan 
City, Ind., is now employed by the Beloit 
(Wis.) Iron Works. 


J. H. SrRESEN-REUTER (A’35) who has 
been employed by the General Electric Com- 
pany at Chicago, Ill., is now with The De- 
troit (Mich.) Edison Company. 


R. G. Lrnpguist (A’35) who is employed 
by the West Penn Power Company, has 
been transferred from Kittanning, Pa., to 
Vandergrift. 


ROBERT SOUTTER, JR. (A’32) sales engi- 
neer of the Okonite-Callender Company, 
Inc., who has been at Paterson, N. J., has 
been transferred to Boston, Mass. 


G. T. Roypen (A’19, M’31) Mackay 
Radio and Telegraph Company, who has 
been division engineer at San Francisco, 
Calif., is now at New York, N. Y. 
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NEWELL ParkKER (A’31) is now an elec- 
trical engineer in the construction depart- 
ment of the Public Service Company of 
Colorado, Denver. 


F. A. Horxe (M’34) engineer with the 
General Electric Company, has been trans- 
ferred from Birmingham, Ala., to Knoxville, 
Tenn. 


A. F. H1sBeLer (A’26) formerly assistant 
electrical engineer with Fansteel Products 
Company, North Chicago, IIl., is now with 
Ariston Laboratories, Chicago. 


N. L. Grece, Jr. (A’34) formerly with 
the Union Power Company, Mullens, 
W. Va., is now with the West Virginia 
Engineering Company, Bluefield. 


H. W. Berkey (A’17, M’26) is now con- 
nected with the Westinghouse Electric and 
Manufacturing Company at Boulder City, 
Nev. 


P. S. Gropier (A’34) former electrical 
engineer, Rustenburg Municipality, South 
Africa, is now at Alberton with the Alberton 
Health Committee. 


A. E. Capon (A’32) has accepted a posi- 
tion with the Metropolitan Water District 
of Southern California, Los Angeles, as 
junior electrical engineer. 


J. F. KruszxKa (A’35) appraisal engineer, 
Jensen, Bowen, and Farrell, who has been 
at Newark, N. J., is now at Ann Arbor, 
Mich. 


BuRNHAM COGSWELL (A’22, M’34) field 
engineer, General Electric Company, has 
been transferred from Rochester, N. Y., 
to Buffalo. 


CLARE ANDERSON (A’26) is now a sales 
engineer with the Westinghouse Electric and 
Manufacturing Company, Newark, N. J. 


E. A. JoHNson (A’29) is now assistant 
electrical engineer in the procurement divi- 
sion of the U.S. Treasury Department, 
Washington, D.C. 


G. C. Fay (A’34) Harbison-Walker Re- 
fractories Company, has been transferred 
from Clearfield, Pa., to Pittsburgh, Pa. 


J. G. TANKOVICH (A’33) is now employed 
in the municipal light plant at Columbus, 
Ohio. 


R. S. StoKaNn (A’34) is now in the U.S. 
Engineers Department at Fort Peck, Mont. 


Obituary 


Epwin Wixsur Rics, Jr. (A’87, M’88 
F’13, HM’33, member for life, and past- 
president) honorary chairman of the board 
of directors and former president of the 
General Electric Company, Schenectady, 
N. Y., died November 25, 1935. Doctor 
Rice was born at La Crosse, Wis., May 6, 
1862, and while attending a Philadelphia, 
Pa., school in 1876 had for a teacher Elihu 
Thomson (A’84, F’13, HM’28, member for 
life, and past-president) who entered 
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electrical manufacturing in 1880, taking 
Doctor Rice with him. Three years later 
the Thomson-Houston Company was es- 
tablished at Lynn, Mass., and Doctor Rice 
became plant superintendent. This com- 
pany was consolidated with the Edison 
General Electric Company in 1892 to form 
the present General Electric Company, 
and Doctor Rice became technical director 
of the new company. In 1896 he was made 
vice president in charge of manufacturing 
and engineering, and in 1913 became presi- 
dent of the company, holding this office 
until 1922 when he was elected honorary 
chairman of the board of directors. Doctor 
Rice received the degrees of bachelor and 
master of arts from Central High School, 
Philadelphia, in 1880 and 1885, respectively; 
the honorary degrees of master of arts from 
Harvard University in 1903, doctor of 
science from Union College in 1906, and from 
the University of Pennsylvania in 1924, 
and doctor of engineering from Rensselaer 
Polytechnic Institute in 1917. He received 
more than 100 patents covering a wide 
range of subjects, including distribution 
systems, a-c and d-c generators and motors, 
oil switches, protective devices, lamps, 
transformers, and train control systems. 
He also was chiefly responsible for the 
establishment of the company’s research 
laboratories, which he recommended in 
1900. In addition to his technical work, 
Doctor Rice indorsed and promoted many 
modern forms of industrial organization and 
methods of advancing employees’ welfare. 
The Third Order of the Rising Sun with 
Cordon was conferred upon him by the 
emperor of Japan, and he was awarded the 
decoration of chevalier of the Legion of 
Honor by France. In 1931 the Edison 
medal of the Institute was presented to him 
“for his contributions to the development 
of electrical systems and apparatus and his 
encouragement of scientific research in in- 
dustry.’’ Doctor Rice was president of the 
Institute during the year 1917-18, and 
served on the following Institute commit- 


tees: Edison medal, 1916-21; executive, 
1917-18; public policy (now Institute 
policy) 1914-16 and 1917-18; research, 


1920-22 and 1924-28; licensing of engineers, 
1924-29; economic status of the engineer, 
1931-35. He also was Institute representa- 
tive on the following: Engineering Founda- 
tion board, 1919-24; John Fritz medal 
board of award, 1918-21; American Engi- 
neering Council, 1923-29; engineering 
division of the National Research Council, 
1924-27; U.S. national committee of the 
International Electrotechnical Commission, 
1926-30; and Hoover medal board of 
award, 1931-35. Doctor Rice was a 
member of the Institution of Civil Engineers 
and the Institution of Electrical Engineers, 
both of Great Britain, the Society of II- 
luminating Engineers, Tau Beta Pi, and 
many other organizations. 


A. RayMonD TREMAINE (A’16, M’19) 
vice president, The Utility Management 
Corporation, New York, N. Y., died August 
25, 1935, according to word just received 
at Institute headquarters. Mr. Tremaine 
was born at Batavia, N. Y., January 8, 
1877, and was a graduate of the Bliss Elec- 
trical School. Following several years of 
construction work, in 1901 he became elec- 


trical superintendent of the Hydraulic Elec- 
tric Company, LeRoy, N. Y., and later 
became general superintendent. During 
1907 he was employed by the Niagara Falls 
(N. Y.) Lighting Company, and in 1908 
became general superintendent and engi- 
neer of the Depew and Lancaster and Light, 
Power, and Conduit Company, Lancaster, 
N. Y., holding this position until he was 
made manager and chief engineer in 1916. 
He was appointed president and general 
manager in 1926, and the following year 
accepted the position of general manager of 
the New York State group of the Associated 
Gas and Electric System. In 1930 he was 
made contact representative with the Asso- 
ciated system in Pennsylvania and New 
Jersey for The Utilities Management Cor- 
poration. 


RopertT Cowr Smite (A’17, M’29) chief 
civil and eijectrical engineer, public service 
department, City of Glendale, Calif., died 
November 12, 1935. He was born May 6, 
1894, at Wheeling, W. Va., and held several 
positions in civil and electrical engineering 
work before he became electrical draftsman 
of the Llewellyn Iron Works at Los Angeles, 
Calif., in 1919. The following year he 
became senior electrical and mechanical 
draftsman for the public service department 
of the city of Glendale. Two years later he 
was made civil and electrical engineer, and 
in 1923 was appointed chief engineer. The 
department has charge of the municipally 
owned and operated water, power, and light 
system, and Mr. Smith supervised the plans 
for improvements made in the system since 
that time. 


SATARO FUKUNAKA (M’21) director, 
Nippon Electric Power Company, Ltd., 
Osaka, Japan, died June 17, 1935, according 
to word recently received at Institute 
headquarters. He was born at Tokyo 
January 18, 1883, and studied electrical 
engineering at Tokyo Imperial University, 
with further studies in Europe during 1910- 
11. He was employed in responsible posi- 
tions by the Uji-gawa Electric Company, 
Osaka, prior to becoming chief engineer of 
the Nippon Electric Power Company in 
1920, at which time the company was 
engaging in the construction of a 220 mile 
transmission system. Mr. Fukunaka held 
this position until 1926, when he was made 
director. 


CHARLES R. BLANCHARD (A’13) electrical 
engineer, General Electric Company, Pitts- 
field, Mass., died November 29, 1935. He 
was born at Farmington, Pa., October 17, 
1878, and received the degree of bachelor 
of science in electrical engineering at Penn- 
sylvania State College in 1908. At that 
time he entered the employ of the General 
Electric Company as a student at Pittsfield, 
and the following year entered the testing 
laboratories, taking charge of the experi- 
mental work on insulating materials in 1911. 


Joun Mo iison Bropir (A’12, M’18) 
senior mechanical engineer, chemical war- 
fare service, U.S. Army, at the Edgewood 
Arsenal, Edgewood, Md., died suddenly 


125 


November 21, 1935. He was born at Cole- 
man’s Falls, Va., March 20, 1885, and was 
graduated with the class of 1905 from Vir- 
ginia Polytechnic Institute, receiving the 
degree of bachelor of science in electrical 
engineering. He then entered the student 
course of the General Electric Company, 
and shortly was made assistant engineer in 
the instrument transformer department at 
West Lynn, Mass. He later became design- 
ing engineer, but during the World War was 
a lieutenant in the U.S. Navy, and sub- 
sequently became designing and later chief 
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engineer of the Kinney Manufacturing 
Company, Boston. He had been at the 
Edgewood Arsenal since 1926. 


Marvin NATHAN FELLMAN (A’838) cadet 
engineer, Philadelphia Electric Company, 
Philadelphia, Pa., died October 9, 1935. 
He was born at Philadelphia, August 7, 1911, 
and was graduated from the University of 
Pennsylvania in 19382 with the degree of 
bachelor of science in electrical engineering. 
Since graduation he had been employed by 
the Philadelphia Electric Company. 


Recommended 
for Transfer 


The board of examiners, at its meeting held 
December 18, 1935, recommended the following 
members for transfer to the grade of membership 
indicated. Any objection to these transfers 
should be filed at once with the national secretary. 


To Grade of Fellow 


Crawford, W. E., consulting engr., A. O. Smith 
Corp., Milwaukee, Wis. 

Doggett, L. A., prof. of E.E., Pennsylvania State 
College, State College. 

George, E. E., supt. of system operation, Tennessee 
Elec. Pwr. Co., Chattanooga. 

Kintner, S. M., vice president, Westinghouse Elec. 
and Mfg. Co., E. Pittsburgh, Pa. 

Krug, Frederick, vice president and general mgr., 
Porto Rico Railway Lt. and Pwr. Co., San 
Juan. 

Seeger, E. W., asst. chief engr., Cutler-Hammer, 
Inc., Milwaukee, Wis. 


6 to Grade of Fellow 


To Grade of Member 


Boland, E. J., meter specialist, General Elec. Co., 
Schnectady, N. Y 

Brown, D. S., mgr., elec. production, Union Gas 
and Elec. Co., Cincinnati, Ohio. 

Clark, W. N., president and mgr., Southern Colo- 
rado Power Co., Pueblo. 

Coleman, G. G., engr., preliminary plans, Chesa- 
peake and Potomac Tel. Co., Washington, 


dePapp, E., E.E., Indianapolis Pwr. and Lt. Co., 
Indianapolis, Ind. 

Elley, A. C., E.E., Yates American Machine Co., 
Beloit, Wis. 

Ellmann, J. I., president, Ellmann, Inc., Washing- 
(oval, ID CG 

Geiger, D. G., transmission engr., Bell Tel. Co. of 
Canada, Toronto, Ont. 

Hamill, S. M., Jr., asst. supt. elec. operating dept., 
Union Gas and Elec. Co., Cincinnati, Ohio. 

Hemsley, S. H., asst. transformer design engr., 
Messrs. Bruce Peebles & Co. Ltd., East Pilton, 
Edinburgh, Scotland. 

Kramer, C. H., chief pwr. supervisor, Union Gas 

_ and Elec. Co., Cincinnati, Ohio. 

Leibing, S. C., sales engr., General Elec. Co., 
Indianapolis, Ind. 

Lempke, W. J., division plant supt., Am. Tel. & 
Tel. Co., Chicago, Ill. 

MacNeill, J. B., mgr., switchgear engg. dept., 
Westinghouse Elec. and Mfg. Co., E. Pitts- 
burgh, Pa. 

Murrough, J. P., asst. E.E., Nova Scotia Pwr. 
Commission, Halifax, Nova Scotia, Can. 
Nelson, E. E., general supt., Blackstone Valley 

Gas and Elec. Co., Pawtucket, R. I. 

Newman, L. L., supt. of distribution, New Orleans 
Public Service Co., New Orleans, La. 

Puente, M. de J., chief engr., Havana Water 
Works, and supervising engr., National Hotel 
of Cuba, Havana, Cuba. 

Richards, H. E., assoc. prof. of E.E., Northeastern 
Univ., Boston, Mass. 

Ricker, C. W., prof. of E.E., Tulane Univ., New 
Orleans, La. 

Rubinstein, H. W., production engr., Globe Union 
Mfg. Co., Milwaukee, Wis. 

Stephenson, W. B., general plant extension engr., 
Southwestern Bell Tel. Co., St. Louis, Mo. 
Stevens, G. D., engr., elec. engg. dept., Consumers 

Pwr. Co., Jackson, Mich. 

Stewart, R. B., patent lawyer, National 
Bldg., Washington, D. C. 

Trussler, L. C., div. service inspector, long lines 
plant dept., Am. Tel. and Tel. Co., Denver, 
Colo. 

Tuckerman, L. P., radio engr., Federal Telegraph 
Co., Newark, N. J. 
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Twiss, R. H., application engr., General Elec. Co. 
New York, N. Y. 

White, C. J., chief engr., Callaway Mills, LaGrange, 
Ga. 


28 to Grade of Member 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to mem- 
bership in the Institute. If the applicant has ap- 
plied for direct admission to a grade higher than 
Associate, the grade follows immediately after the 
name. Any member objecting to the election of 
any of these candidates should so inform the na- 
tional secretary before Jan. 31, 1936, or Mar. 31, 
1936, if the applicant resides outside of the United 
States or Canada. 


Arnold, E. H. (Member), 
Kearny, N. J. 

Asling, J. H., Crosley Radio Corp., Cincinnati, O. 

Boltz, C., Cleveland Elec. Ill. Co., O. 

Brinker, W. E., Westinghouse Elec. & Mfg. Co., 
St. Louis, Mo. 

Bruun, B. N. (Member), Gibbs & Hill Inc., New 
York, N. Y. 

Bush, F. W., Allis-Chalmers Mfg. Co., Milwaukee, 


Western Elec. Co., 


Wis. 

Callow, M. E., Anaconda Copper Mining Co., 
Butte, Mont. 

Case, N. M., Gen. Elec. Co., Pittsfield, Mass. 

Christensen, P. L., Gen. Elec. Co., Pittsfield, Mass. 

Coolbroth, E. L. (Member), Am. Tel. & Tel. Co., 
New York, N. Y. 

Cooper, J. B., Gen. Elec. Co., Pittsfield, Mass. 

Corbin, R. C., Burns & McDonnell Engg. Co., 
Kansas City, Mo. 

Crevasse, J. N., Gen. Elec. Supply Corp., Jackson- 
ville, Fla. 

Daily, C. S., Jr., 7 Chestnut St., Islip, L. I., N. Y. 

Daley, J. L., Yale Univ., New Haven, Conn. 

de Lascurain, M. M., Jr., Gen. Electric, S. A., 
Mexico, D. F., Mexico. 

Denton, L. E., Houston Lt. & Pwr. Co., Texas. 

Dock, A. F., N. Y. Tel. Co., New York, N. Y. 

Falcone, A. J., N. Y. Edison Co., Inc., New York, 


INES? 

Faller, G. W. (Member), Pub. Serv. Co. of Colo., 
Denver. 

Fein, F. P., Union Gas & Elec. Co., Cincinnati, O. 

Rone So Western Vegetable Oils Co., Oakland, 

alif. 

Galbraith, H. C. (Member), Am. Tel. & Tel. Co., 
Chicago, Ill. 

Goldner, G. W., James R. Kearney Corp., St. 
Louis, Mo. 

Green, E. L., Jr., N. Y. Edison Co. Inc., New York, 
N. Y 


Grimmer, E. J., Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 

Grover, J. B., N. Y. & Q. Elec. Lt. & Pwr. Co., 
Flushing, N. Y. 

Gunn, D. (Member), Safe Harbor Water Pwr. 

_ Corp., Baltimore, Md. 

Heitsmith, W. J. (Member) Bell Tel. Lab., New 
York, N. Y. 

Hennig, W. E., 1510 N. 57th St., Milwaukee, Wis. 


Holmstrom, G. C., Allis-Chalmers Mfg. Co., 
Milwaukee, Wis. 

Hope, E. M., U.S. Army Engineers, Portland, 
Oregon. 

Hornbecker, G. A., Chase Co. Inc., Waterbury, 
Conn 


Hbess RAG M., Cincinnati Milling Machine Co., 


Hutchinson, C., Tenn. Pub. Serv. Co., Knoxville. 
Jamison, B. C. (Member), Am. Tel. & Tel. Co., 
Chicago, IIl. 


Johnson, W. I., N. Y. Edison Co., Inc., New York, 
Ney: 


Jones, O. N. (Member), Walter P. Ambos Co., 
Cleveland, O. é 

Kaegi, E., Am. Brown Boveri Elec. Corp., Camden, 
N 


sae - : 

Kamenka, C. J., Wingdam Mine Camp, Wingdam, 
Bac Can 

Kimball, R. L., Fed. Pwr. Commission, Washing- 
tO DAC. 

Labaugh, J. M., Bell Tel. Lab., New York, N. Y. 

Laub, H. (Member), c/o Charles Engelhard Con- 


cern, Newark, N. J. | 
Leitzell, R. S., N. Y. Edison Co. Inc., New York, 
N. Y 


Ludwig, N. C., Lewis Inst., Chicago, Ill. 

Mann, D. H. (Member), Bell Tel. Lab. Inc., New 
York, N. Y. 

Manning, E. L., Gen. Elec. Co., Schenectady, N. Y. 

Manucia, J. T., 330 Maujer St., Brooklyn, N. Y. 

Maxwell, M. V. (Member), Bureau of Reclamation, 
Denver, Colo. 

Merchant, W. J., B. & O. R. R., Stapleton, S. L., 


N. Y. 

Michel, P. C., Gen. Elec. Co., Schenectady, N. Y. 

Miles, M. L., N. Y. Edison Co. Inc., New York, 
N. Y. 

Morris, C. H., Western Factory Insurance Assn., 
Chicago, IIl. 

Munson, S. H., 
Mich. ; 

Nordquist, C. A., Rwy. & Industrial Engg. Co., 
Chicago, Ill 

Price, F. W., Westinghouse Elec. & Mfg. Co., 
Philadelphia, Pa. 

Reed, G. M., Gen. Elec. Co., Philadelphia, Pa. 

Reynclds, D. J., Kelley Koett Mfg. Co., Ludlow, 


y. 

Rhodes, G. L., New Orleans Pub. Serv. Co., New 
Orleans, La. 

Ringland, W. L., Allis-Chalmers Mfg. Co., W. 
Allis, Wis. 

Rowan, E. W., Monmouth Beach, N. J. 

Ruth, H. G., Westinghouse Elec. Supply Co., 
Reading, Pa. 

Schwyter, E. M. (Member), Wilmington Trade 
School, Del. 

Smith, W. H. W., 157 Foxhurst Road, Rockville 
Center, L. I., N. Y. 

Strong, B. J., R. C. M. P. Barracks, Regina, Sask., 


Am. Tel. & Tel. Co., Kalamazoo, 


Can. 
Thatcher, P., Bulldog Elec. Products Co., Toledo, 


O. 

Tolmie, J. R. (Member), Pacific Tel. & Tel. Co., 
Seattle, Wash. 

Tradup, A. (Member), Bell Tel. Lab., New York, 
N. Y. 


Turner, R. W., Houston Lt. & Pwr. Co., Texas. 
Van Vranken, W. P., Brooklyn Edison Co., N. Y. 
Walker, W. W., Weston Elec. Inst. Corp., Newark, 


Nf 

Weinheimer, C. M., Detroit Elec. Furnace Co., 
Mich. 

Niyckons H. J. (Member), Detroit Edison Co., 
Mic 


Weins, ip F., City of Detroit, Pub. Lt. Comm., 
Detroit, Mich. 
Yule, J. T., Pub. Serv. Co. of Colo., Fort Collins. 


75 Domestic 
Foreign 


Dadashev, M. R., Energetical National Economy 
Baku, U.S. S. R. 

Park, J. G. (Member), Electricity Board, Town 
Hall, Banbridge, County Down, Northern 
Ireland. 

Parshad, Har, P. W. O. Elec. Branch, Dyallpur, 
(Punjab), India. 

Sain, G., Punjab Elec. Pwr. Co. Ltd., Montgomery, 
Punjab, India. 

Schindler, A. F., Univ. Lausanne, Switzerland. 

ett oh R., P. W. D. B. & R., Jullundur (Punjab), 

ndia. 


6 Foreign 


Addresses 
Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
addresses as they now appear on the Institute record. 
Any member knowing of corrections to these ad- 
dresses will kindly communicate them at once to the 
office of the secretary at 33 West 39th St., New 
Work, News 


Blanc, Victor, 153 Boulevard Lefebvre, 
France. 

Chiofalo, J., 203 Graham Ave., Brooklyn, N. Y. 

Crite, Mitchel, 32 E. 126th St., New York, N. Y. 

Ghosh, K. C., c/o Compagnia Generale Di Elettri- 
city, 34 Via Borgognone, Milan, Italy. 

Golikoff, A., Main P. O. Gen. Del., Moscow, 
WA Seat 

Kimball, Gordon S., 154 Elmer Ave., Schenectady, 


Nixes 
NM eieor Charles J., 1515 N. Lotus Ave., Chicago, 
Il 


Paris, 


Rozelle, P. M., 2018 Chestnut St., Harrisburg, Pa. 
Seelia Samuel B., 1141 S. Central Park, Chicago, 


Spiegel, William F., 7 Stegman Court, Jersey City, 
N.J 
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SeGgimeerine Pitorature 


New Books 
in the Societies Library 


Among the new books received at the 
Engineering Societies Library, New York, 
recently, are the following which have been 
selected because of their possible interest 
to the electrical engineer. Unless otherwise 
specified, books listed have been presented 
gratis by the publishers. The Institute 
assumes no responsibility for statements 
made in the following outlines, information 
for which is taken from the preface of the 
book in question. 


CATHODE-RAY TUBE at WORK. By J. F. 
Rider, published by the author at 1440 Broadway, 
N. Y., 1935. 322 p., illus., 9x6 in., cloth, $2.50. 
A practical, nonmathematical exposition of the 
applications of the cathode-ray oscillograph in radio 
work, especially in the servicing of receivers and the 
observation of electrical phenomena associated with 
receiving, amplifying, and transmitting. 


DIESEL ENGINES. By J. W.Anderson. N. Y. 
and Lond., McGraw-Hill Book Co.,1935. 491p., 
illus., 9x6 in., cloth, $5.00. A description of 
the various types of engines in use in America, and 
some European examples, classified according to 
their applications. 


ELEMENTS of MACHINE DESIGN. By D. 
S. Kimball and J. H. Barr. 3 ed. N. Y., John 
Wiley & Sons, 1935. 476 p., illus., 9x6 in., cloth, 
$4.00. No radical changes have been made in the 
third edition of this text, but each topic has been 
brought up to date, new subject matter added, and 
some obsolete sections eliminated. 


ENAMELS, the Preparation, Application, and 
Properties of Vitreous Enamels. By A. I. An- 
drews. Champaign, Ill., Twin City Printing Co., 
1935. 410 p., illus, 9x6 in., cloth, $5.00. A 
comprehensive, systematic account of theory and 
processes, covering the industry in a practical, yet 
scientific manner. 


FINANCIAL INCENTIVES, a Study of Meth- 
ods for Stimulating Achievement in Industry. 
(N.1.C.B. Studies, No. 217). N. Y., National 
Industrial Conference Board, 1935. 47 p., tables, 
9x6 in., paper, $1.50. This study reviews the 
experience of industrial concerns in operating wage 
incentive plans under the new conditions, describes 
the changes that have been necessary, and dis- 
cusses the probable future réle of incentives. 


Great Britain, Dept. of Scientific and Industrial 
Research, Medical Research Council. EFFECT of 
LIGHTING on EFFICIENCY in ROUGH WORK 
(TILE PRESSING). ByS.Adams. Joint Report 
of the Industrial Health Research Board and 
the Illumination Research Committee. Lond., His 
Majesty’s Stationery Office; obtainable from British 
Library of Information, N. Y. 1935. 12>p., illus., 
10x6 in., paper,4d. Reports an investigation of the 
effect of increasing the intensity of illumination in 
the case of perfectly simple occupations. 


INDUSTRIAL ELECTRONICS. By F. H. 
Gulliksen and E. H. Vedder. N. Y., John Wiley & 
Sons, 1935. 245 p., illus, 9x6 in., cloth, $3.50. 
A description of most of the important industrial 
applications of electronic devices, discussing briefly 
the characteristics of electronic tubes and the 
furtdamental circuits, and describing the use of 
electron tubes for indicating, controlling, and regu- 
lating many industrial processes. 


METALLIC ARC WELDING. By H. Harris. 
N. Y., Longmans, Green & Co.; Lond., Edward 
Arnold & Co., 1935. 199 p., illus., 10x6 in., 
cloth, $6.00. A survey of arc welding, intended 
especially to call attention to its usefulness, which 
describes the process and equipment, methods of 
testing welds, and the influence of oxygen and 
nitrogen. 


MODERN USES of NONFERROUS METALS. 
(Seeley W. Mudd Fund) ed. by C. H. Mathewson. 
lst ed. N. Y., American Institute of Mining and 
Metallurgical Engineers, 1935. 427 p., illus., 8x6 
in., cloth, $3.00 to nonmembers of A.I.M.M.E.; 
$1.00 to members. An authoritative introduction 
for the young metallurgist and nontechnical reader 
to the sources, properties, and uses of the nonferrous 
metals. 
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PHYSICS. By E. Hausmann and FE. P. Slack. 
N. Y., D. Van Nostrand Co., 1935. 776 p., illus., 
9x6 in., cloth, $4.00. A thorough course in the 
essentials of physics for college students preparing 
for scientific or engineering careers. 


RELAY SYSTEMS, Theory and Application. 
By I. T. Monseth and P. H. Rabson x Y. and 
Lond., McGraw-Hill Book Co., 1935. 549 Dp: 
illus., 9x6 in., cloth, $6.00. This is intended to be 
a complete treatise on the theory and application of 
electric fTelays, giving a practical system of fault 
calculations for all arrangements of system connec- 
tions and all types of short circuits, and discussing 
relay systems at length. 


MITTEILUNGEN des FORSCHUNGSINSTI- 
TUTS fiir MASCHINENWESEN beim BAU- 
BETRIEB, Heft 7, ed. by G. Garbotz, Technische 
Hochschule __ Berlin. UNTERSUCHUNG der 
ARBEITSBEDINGUNGEN fiir den ELEK- 
TRISCHEN ANTRIEB von ABSATZWEISE 
ARBEITENDEN BAGGERN. By W. Penzien. 
Berlin, VDI-Verlag, 1935. 38 p., illus., 12x8 in., 
paper, 10.75 rm. Describes fully the results of a 
study of 20 electrically driven excavators, repre- 
senting 4 common types, and covers power require- 
ments and design. 


SCHWEIZ. VERBAND fiir die MATERIAL- 
PRUFUNGEN der TECHNIK. Bericht Nr. 29 
(Bericht, Nr. 83 der Eidg. Materialpriifungsanstalt). 
BEITRAGE zur KENNTNIS der SPANNUNGS- 
VERTEILUNG in PRISMATISCHEN und 
KEILFORMIGEN KONSTRUKTIONSELE- 
MENTEN' mit QUERSCHNITTUBERGAN- 
GEN. By R. V. Baud. Zitirich, November 1934. 
72 p., illus., 12x8 in., paper, apply. Describes 
experimental investigations of the stress distribu- 
tion in beams with varying cross sections, in the 
pole fastenings of dynamos and motors, in gear 
teeth, and in screws, using photoelastic methods 
from which data of practical value were obtained. 


International Conference on Physics, Lond., 1934. 
International Union of Pure and Applied Physics. 
REPORTS on SYMBOLS, UNITS and NOMEN- 
CLATURE, published by the Physical Society, 
Lond.; printed at the University Press, Cambridge 
(England) 1935. 40 p., illus., 10x7 in., cloth, 
$1.20. The full reports approved at the 1934 
meeting, which included recommendations on the 
standard thermal unit, electromagnetic units, 
thermodynamic symbols, and on future work of the 
committee on symbols, units, and nomenclature, 
and including also papers on the definitions of the 
magnetic units, on the force between 2 elements of 
current. 


International Conference on Physics, Lond. 1934. 
International Union of Pure and Applied Physics 
and the Physical Society. PAPERS and DIS- 
CUSSIONS, 2 v., published by the Physical So- 
ciety, Lond.; printed at the University Press, 
Cambridge (Hugland) 1935. illus., 10x7 in., 
cloth, v. 1, 257 p., $3.20; v. 2, 183 p., $3.20. Pa- 
pers and discussions presented at the conference. 
Volume one is devoted to nuclear physics and 
volume 2 to the solid state of matter, and include 
quantum electrodynamics, natural beta-decay, 
artificial radioactivity, the disintegration and syn- 
thesis of nuclei and elementary particles, cosmic 
radiation, the structure of molecules and of the 
ideal lattice, the deviations of real crystals from the 
ideal lattice structure, and plasticity and strain 
hardening in crystals. 


DESCRIPTIVE GEOMETRY. By F. W. 
Bubb. N. Y., Macmillan Co., 1935. 254 p., illus., 
9x6 in., cloth, $2.50. A method of presenting the 
subject in which the student is first taught to solve 
problems in space by the use of ‘fundamental space 
operations’’; after which attention is first turned to 
2-diimensional methods of showing these solutions. 


A.S.T.M. STANDARDS on PRESERVATIVE 
COATINGS for STRUCTURAL MATERIALS 
(Paints, Varnishes, Lacquers and Paint Materials), 
prepared by Committee D-1 on Preservative Coat- 
ings for Structural Materials. September, 1935. 
Phila., American Society for Testing Materials. 
387 p., illus., 9x6 in., paper, $1.75 ($1.50 to 
A.S.T.M. members). A compilation of specifica- 
tions and methods of tests approved by the society. 


ABSOLUTE THERMISCHE DATEN und 
GLEICHGEWICHTSKONSTANTE. By R. 
Doczekal and H. Pitsch. Vienna, Julius Springer, 
1935. 69 p., illus, 9x6 in., paper, 6.60 rm. 
Collects and compares the measurements of 
specific heats and of heats of transformation, fu- 
sion, and vaporization which are scattered through- 
out the literature. 


FACTORY EQUIPMENT. By J. W. Roe 
and C. W. Lytle. Scranton, Pa., International 
Textbook Co., 1935. 517 p., illus., 9x5 in., lea., 
$4.00. A survey of modern machine tools to aid 
selection or application for economic production. 


FIRST COURSE IN DIFFERENTIAL EQUA- 
TIONS. By N. Miller. Oxford, Eng., Oxford 
Univ. Press; N. Y., Oxford Univ. Press, 1935. 
148 p., illus., 9x6 in., cloth, $2.50. Aims to give 
an account of the most useful methods for solving 
differential equations, and to provide material for 
practice in them. 


INTRODUCTION to ATOMIC PHYSICS. 
By J. Thomson. Lond., Methuen & Co., 1935. 
228 p., illus., 9x6 in., cloth, 10s 6d. Covers the 
fundamental facts and theories and the more 
important experiments, and applies the theory to 
questions of atomic, nuclear, and molecular radia- 
tion. 


INTRODUCTION to the THEORY of FUNC- 
TIONS of a COMPLEX VARIABLE. By 
E. T. Copson. Oxford (Eng.), Clarendon Press; 
N. Y., Oxford Univ. Press, 1935. 448 p., illus., 
9x6 in., cloth, $8.50. Contains an exposition of 
the properties of one-valued differentiable func- 
tions, and discusses the problem of conformal 
representation, the elements of the theory of 
integral functions, and the behavior of some of the 
special functicus of analysis. 


MATERIALS TESTING, Theory and Practice. 
By I. H. Cowdrey and R. G. Adams. 2 ed. 
N. Y., John Wiley & Sons, 1935. 144 p., illus., 
9x6 in., cloth, $1.75. Provides a discussion of 
the methods commonly used for testing and of the 
fundamental principles involved. 


REDUCING INDUSTRIAL POWER COSTS. 
By D. M. Myers. N. Y. and Lond., McGraw- 
Hill Book Co., 1935. 378 p., illus., 9x6 in., 
cloth, $4.06. Discusses the questions involved 
in the supply and use of steam and power from the 
economic point of view. 


PRAKTISCHE PHYSIK. By F. Kohlrausch. 
17 ed., edited by F. Henning. Leipzig and Berlin, 
B. C. Teubner, 1935. 958 p., illus, 9x6 in., 
cloth, 32 rm. (25% discount in U.S.A.) A re- 
vised edition of a reference book intended especially 
for those engaged in research work in pure or ap- 
plied physics. 


STRENGTH of MATERIALS. By E. R. 
Maurer and M. O. Withey. 5 
Wiley & Sons, 1935. illus., 9x6 in., 
cloth, $3.50. A revised edition which includes 
an article on welded joints. 


A.S.T.M. STANDARDS on ELECTRICAL IN- 
SULATING MATERIALS. Prepared by Com- 
mittee D-9 on Electrical Insulating Materials. 
Specifications, Methods of Testing. Phila., Ameri- 
can Society for Testing Materials, September 1935. 
311 p., illus., 9x6 in., paper, $1.75. The report 
of the committee with the standard and tentative 
methods of testing these materials and the stand- 
ard specifications for them, representing the latest 
revisions. 


ALTERNATING CURRENT MACHINERY. 
By J. M. Bryant and E. W. Johnson. : 
Lond., McGraw-Hill Book Co., 1935. 790 p., 
illus., 9x6 in., cloth, $6.00. A text for students of 
electrical engineering which presupposes a knowl- 
edge of the theory of a-c circuits. An extensive 
theoretical and practical treatment of apparatus 
is given in which the economic viewpoint is em- 
phasized. 


COMMUNICATIONS RADIO-ELECTRIQUES. 
FasciculeI. By H. de Bellescize. Paris, Gauthier- 
Villars, 1935. 98 p., illus., 10x7 in., paper, 20 frs. 
Discusses the nature of certain problems of radio 
communication which still await solution and 
suggests lines for attacking them. 


Engineering Societies Library 
99 West 39th Street, New York, N. Y. 


AINTAINED as a public reference library 

of engineering and the allied sciences, this 
library is a cooperative activity of the national 
societies of civil, electrical, mechanical, and min- 
ing engineers. 


Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies er translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi- 
cient to cover the cost of the work required. 


A collection of modern technical books is 
available to any member residing in North Amer- 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 


Many other services are obtainable and an 
inquiry to the director of the library will bring 
information concerning them. 
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A istcial Notes 


Insulator Plant Reopens.—The insulator 
plant of the Ohio Brass Co. at Barberton, O., 
which was closed for some weeks due to labor 
difficulties, was reopened on December 23, 
and all departments have resumed normal 
operation. 


Outlook for 1936.—Gerard Swope, President 
of the General Electric Co., looks forward to 
a continued improvement in business during 
1936. Mr. Swope also stated recently that 
the volume of electrical manufacturing busi- 
ness in 1935 was approximately 30 per cent 
greater than in 1934, which was about the 
same increase as was shown for 1934 over 
1933. Consumption of electricity in the 
United States was the greatest in the history 
of the country, being about 7 per cent more 
than in 1934 and 3 per cent more than in 
1929, the previous peak year, due largely to 
increased use of electrical appliances in the 
home. Orders for capital goods in the elec- 
trical manufacturing industry have not in- 
creased to any great extent, because of the 
difficult position of the public utilities and 
transportation companies throughout the 
United States. Practically the only in- 
crease in the production of capital goods has 
been brought about by the modernization of 
industrial plants. Successive increases in 
the use of electricity, however, must even- 
tually mean an increase in the generating 
capacity of public utilities, which will bring 
an increase in orders for capital goods to the 
electrical manufacturing industry. 


Underwriters’ Laboratories Moves New 
York Office.—No longer at 109 Leonard St., 
New York City, after a tenancy of 13 years, 
‘the Underwriters’ Laboratories are now 
located at 161 Sixth Ave. where, in new 
quarters, the work of formulating standards 
and conducting tests on electrical appliances 
will be continued. Manufacturers, inspec- 
tors, and all who look to the Laboratories to 
aid in maintaining a high standard in the in- 
dustry will appreciate the improved facili- 
ties of the new location. 


1935 Lamp Sales Set New Record.—A new 
volume record in the annual sale of both 
large and miniature incandescent lamps was 
set in the United States during 1935, accord- 
ing to a review of the electrical industry pre- 
pared by John Liston of the General Elec- 
tric Co. A preliminary estimate of the num- 
ber sold indicates a total of 707,000,000, an 
increase of more than 11 per cent over the 
1929 total of 634,233,000, the previous high 
total. The 1935 estimate includes 410,- 
000,000 large and 297,000,000 miniature 
lamps. 


New Carbon Resistor.—The Aerovox Corp., 
82 Washington St., Brooklyn, N. Y., has de- 
veloped an entirely new type of carbon re- 
sistor, to meet the most critical specifica- 
tions for non-inductive resistors, particu- 
larly in the high-gain amplifying circuits. 
Of the solid molded type, the new Aerovox 
carbon resistor is plain, neat, compact, inex- 
pensive. The special molded body is unaf- 
fected by humidity changes. It is non- 
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inductive, with no appreciable resistance 
change at high frequencies; absolutely 
noiseless and permanent, on and off full 
load. A slight positive temperature coeffi- 
cient is just sufficient to compensate mini- 
mum potential coefficient and to protect the 
unit against heavy short-period overloads, 
Electrically and mechanically rugged, each 
unit has stiff pigtails firmly soldered to the 
carbon resistor element. 


New Western Electric Publication.—The 
first issue of a new magazine named ‘‘Pick- 
Ups’”’ has been issued by the Western Elec- 
tric Company. The introductory editorial 
states that the magazine will be devoted to 
“news of developments in the field of sound, 
and of the organizations and men who use 
the equipment designed by Bell Telephone 
Laboratories, manufactured by Western 
Electric and distributed by Graybar.” In 
this initial number there are 26 pages with a 
two-color cover depicting the new non- 
directional dynamic microphone. Leading 
stories deal with the microphone, WTCN’s 
new 5,000 watt station at Minneapolis, new 
radiophone equipment for aviators, the work 
of Bell Laboratories, a two-way ultra-high 
frequency police radio installation at Evans- 
ville, Indiana, and the wide-range public ad- 
dress system at the California Pacific Inter- 
national Exposition. The entire issue is 
copiously illustrated. The publication will 
be issued several times a year and will be 
circulated chiefly to users of Western Elec- 
tric equipment such as broadcasting sta- 
tions, police departments, and air transport 
companies, as well as to prospective users. 
The editor is Will Whitmore, and the assist- 
ant editor is M. M. Beard, both of the Com- 
pany’s headquarters staff at 195 Broadway, 
New York. 


Trade Darorntunre 


Relays.—Catalog, 28 pp. Describes relays, 
timing devices, thermostats, resistors, ther- 
mal links, insulators, etc. Struthers Dunn, 
Inc., 129 N. Juniper St., Philadelphia, Pa. 


Tantalum.—Bulletin, 48 pp. Describes the 
characteristics and applications of tantalum 
to a steadily increasing range of industrial 
uses. Fansteel Metallurgical Corp., North 
Chicago, Ill. 


Speed-Measuring Instruments.—Bulletin 
1435, 8 pp. Describes various types of ta- 
chometers and speed measuring instruments, 
including Frahm vibrating-reed hand ta- 
chometers. James G. Biddle Co., 1211 Arch 
St., Philadelphia, Pa. 


Electrical Measuring Instruments.—Broad- 
side E. Describes a comprehensive line of 
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instruments for measurements in the labora- 
tory, plant or field, and used in research, 
teaching, and testing. Leeds & Northrup 
Co., 4934 Stenton Ave., Philadelphia, Pa. 


Connectors.—Catalog 33C, 48 pp. De- 
scribes a wide variety of electrical connec- 
tors in copper and aluminum for cable, tube, 
wire, bar, and rod. Illustrates applications 
of different types of these devices. Burndy 
Engineering Co., Inc., 305 E. 45th St., New 
York. 


Pyranol Transformers.—Bulletin GEA- 
2048, 8pp. Describes transformers designed 
and built to utilize Pyranol (non-inflam- 
mable and non-explosive) instead of oil. 
According to the publication there are now 
more than 250 Pyranol units installed, in 
sizes from 5 kva to 5,000 kva, and giving ex- 
cellent service. General Electric Co., 
Schenectady, N. Y. 


Pumps.—Bulletin 2206, 4 pp. Describes 
large, low head, double suction, single stage 
Type S pumps. Bulletin 2207, 4 pp. De- 
scribes large, high head, double suction, 
single stage Type S pumps. Bulletin 2208, 4 
pp. Describes small, double suction, single 
stage pumps. Bulletin 2210, 4 pp. De- 
scribes Type M, multi-stage, double suction 
Mil- 


pumps. Allis-Chalmers Mfg. Co., 
waukee, Wis. 
Controlled Rectifiers.—Bulletin 8601. De- 


scribes controlled rectifiers, a new develop- 
ment, to supply a d-c output from a com- 
mercially constant, single-phase, a-c line. 
The output voltage regulation is plus or 
minus 2 per cent from approximately one- 
tenth to full load. On all sizes that cover a 
range from 30 watts to 250 watts, the effi- 
ciency is better than 50 per cent and the 
power factor better than 65 per cent. Ward 
Leonard Electric Co., Mt. Vernon, N. Y. 


Insulators.—Bulletin, 8 pp. Describes a 
new series of improved, low voltage insula- 
tors, designed to increase the reliability of 
distribution and rural service, and reduce 
construction, maintenance, and replacement 
costs. Among the advantages claimed for 
the new insulators are that they are easier to 
handle and install; made with standard pin 
holes so that no expenditure for pins is nec- 
essary when used as replacements; designed 
so that the conductor is high above the top 
skirt; and they take a wide range of con- 
ductor sizes, making special insulators un- 
necessary. Locke Insulator Corp., Balti- 
more, Md. 


Vibration Counter for Transmission Lines. 
Folder. Describes 2 new instruments, vi- 
bration counters, for frequencies between 4 
and 100 per second. No. 514, weighing less 
than a pound, is clamped to the conductor. 
Its registrations can be read from the ground 
with binoculars. Vertical vibrations from 7 
mm up and of any frequency over 4 per sec- 
ond are registered cumulatively. No. 515 is 
used for counting vibrations and for com- 
puting their frequency. This reads in units 
of single vibrations. Either type can be 
used as a counter for total number of rapid 
motions, in a great number of tests, such as 
fatigue, breakdown, etc. R. W. Cramer & 
Co., 67 Irving Pl., New York City. 
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